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ABSTRACT 


In this dissertation the locational impact of interindustry 
linkages is examined. 

Together with other externalities input-output linkages are 
characterized as agglomerative locational factors and an assessment of 
their importance is attempted. 

Through correlation analysis it is then established that there 
exists a systematic relationship for manufacturing industries in metro 
areas between interindustry linkages and the spatial association of 
industry pairs. The nature of this relationship is further analyzed 
through tests of hypotheses. 

Focus of the investigation on specific industries reveals that 
many manufacturing industries are much more attracted to their linked 
industries than to a random sample of manufacturing industries. 

Using the linkage and association measures of this study several 
industrial complexes are identified. These are characterized by strong 
linkage connections and close geographical proximity of their component 
industries 

The usefulness for regional policy purposes of some of the results 


obtained in this study is also indicated. 
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1. INTRODUCTION 


The first four sections of this chapter deal with some aspects of 
the spatial dimension in economics. The intent here is not that of 
providing a comprehensive review or discussion of the literature, but 
to sketch a framework in which the study can be seen. 

Direction and purpose of this study will be indicated in the final 


section of this chapter. 


1.1 Economic Theory and the Time-Space Continuum 

Economic activity -- as all other human activity -- takes place 
in a continuum of time and space. If there is an a priori reason for con- 
sidering one dimension to be more fundamental and pervading than the 
other, it may be the fact that time is inescapably passing and thus 
inherently dynamic whereas space is not. Movement through space always 
involves also movement through time, but not vice versa. The former 
can be avoided, the latter cannot. 

It may also be observed that, ignoring gravity, all movements 
through space entail the expenditure of energy -- time just passes 
whereas the ''friction of space“ has to be overcome. 

Turning from physical to economic considerations the question to 
be answered is how the characteristics of time and space affect the 
behaviour of the economic agents and the performance of the economy. 


Despite the applicability of von Thunen's model to a self-sufficient, 
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Yo d don et ren metni sit 679 9 
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agricultural economy,! 1t would appear that the availability of goods 
and problems of consumption and accumulation were more important in 
primitive economies than spatial problems. No efficient means of 
transportation existed and so locations were rather fixed and exchange 
over longer distances was limited. Modern economies could not arise until 
technological progress made possible both the division of labour and 
the development of an efficient transportation system as a prerequisite 
for it.* In addition to the temporal optimization of resource alloca- 
tion, a spatial optimization problem comes into existence. From an 
abstract theoretical point of view the two problems appear to be quite 
Similar if it is assumed that economic decisions can be made over a 
continuum of time and space. For contrary to purely physical movements, 
economic movements through time also have a price; the interest rate 
may be thought of as performing the same purpose in temporal analysis 


3 


as the transport rate in spatial analysis. However, while time has 


been incorporated into economic theory early and in various ways, e.g. 
short-run vs. long-run, differential equation time, etc., the spatial 
dimension has been all but ignored in traditional economics before the 


last few decades. 


lSee Johann H. von Thunen, Der Isolierte staat in Beziehung auf 
Landwirtschaft und Nationalokonomie (2nd ed.; Jena: G. Fischer, 1921). 
First ed. 1842. 


2See George J. Stigler, "The Division of Labor is Limited by the 
Extent of the Market", in W. Breit and H. M. Hochman, Readings in Micro- 
Economics (New York: Holt, Rinehart and Winston, Inc., 1968), pp. 151-159. 


3See also Walter Isard, Location and Space Economy (Cambridge, Mass.: 
M. I. T. Press, 1968), pp. 83-85, where he points out the analogy between 
time and space preference. For example, with an interest rate of 5% and 
a transport rate of $1.025 per mile a $100 goods available here 2 years 
from now is identical in costs to the same goods available now 10 miles 
away. 
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Ideally one would wish for an economic theory that was general 
and dynamic“ not only with respect to time but also with respect to 
space. At present there is no theory that treats both dimensions explic- 


LEAVE 


1.2 The Anglo-Saxon Bias 

There were contributions to economic theory prior to von Thtinen's 
"Isolated State“ that had distinct locational connotations, although the 
Spatial question was peripheral and transport costs were not explicitly 
taken into account.! Smith's principle of the division of labour, 
primarily designed to explain the 'wealth of nations“, was nevertheless 
tied to industrial locations with transportation playing an important 
role.* Given the relative immobility of capital and labour, Ricardo's 
principle of comparative advantage explains an inter-regional and inter- 
national specialization and a pattern of location of industries that is 
economically, not merely technically, optimal. 

Perhaps von Thtinen's greatest contribution to economic theory is the 
development of a spatial model in which locational questions are ana- 
lyzed and in which the values of economic variables, such as price and 


rent, are also influenced by distance. Thunen's theoretical and 


lSee Wolfgang Meyer, Die Theorie der Standortwahl (Berlin: Duncker 
und Humblot, 1960), pp. 16-18. 


2See Adam Smith, The Wealth of Nations (Modern Library ed.; New 
York :4Random spouse, Ine, 19 /, Baek E Chapt. Lil, pp 1721, First 
e ee 


3See H. Meinhold, "Zahlungsbilanztheorie und St andort theorie, 
Jahrbuch für Nationalökonomie und Statistik. First edition of Ricardo's 


Principles of Political Economy and Taxation in 1817. 
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empirical work was followed by a large number of writings in the area 
of location theory, notably in Germany and Sweden. ! 

However, in the development of economic theory spatial considera- 
tions were soon overshadowed by the profound influence of Marshall's 
Principles.* Spatial questions are touched upon when he considers the 
localization of industry as a prerequisite for the division of labour, 
or when the extent of the market is related to the value of the goods 
and the transport costs they can bear.? Being more concerned with market 
equilibrium of supply and demand, Marshall finds the influence of time 
to be more fundamental than that of space, 

"for the nature of equilibrium itself, and that of the causes 

by which it is determined, depend on the length of the period 

over which the market is taken to extend.“ 

It cannot be denied that, despite (or because of?) the bias of Marshall 
and subsequent generations of economists, there exists today a well- 
developed body of economic theories and analytical tools that can be 
fruitfully applied to a great variety of problems. It is unnecessary to 
argue today whether questions of production, growth and stability of the 
economy are more important than the problems of optimal location of eco- 


nomic activities and population. They all have welfare implications 


lWalter Isard, Space Economy, pp. 15-20; Wolfgang Meyer, Standort- 
wahl, pp. 19ff; Gerhard Stavenhagen, Geschichte der Wirtschaftstheorie 
(Gottingen: Vandenhock und Ruprecht, 1964), chapt. 15. 


2Walter Isard, Space Economy, pp. 24-27. 


3Al fred Marshall, Principles of Economics, Papermac 16 (8th ed.; 
London. | Macntl lan sand, COvsLtanes.962) , Book LV, Chapt.21057 Sécc. 1, pp. 
222-225 and BOOK V. Ghapt. 1, Sect. 3, , ist ed.” 1890. 


bid. Book V, Chapt. 1, Sect. 6, p. 274; also Book V, Chapt. 15, 
e 


SHarry W. Richardson, Regional Economics (London: Weidenfeld and 
Nicolson, 1969), pp. 2-3. 
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and are thus properly the subject of economic study. It would appear 
that spatial economic problems are of greater relative concern today 
than they ever were and the greater attention they receive is bound to 


contribute to a correction of the imbalance. 


1.3 The Spatial Dimension in Location Theory 

Two methods have been open to economists for including space, with 
the physical variable of distance and the economic variable of trans- 
port costs, into the analysis: the partial and the general equilibrium 
approach. In partial equilibrium theory, as exemplified by, for example, 
Weber,! attention is focused on a few relationships that are considered 
to be of primary importance and able to explain a large part of the 
question. The other relationships are relegated into the realm of the 
"eeterts partbus" from which they are assumed to have no influence on 
the phenomenon under study. In a supply oriented Weberian model demand 
is taken as given and then the optimum location of a firm or an indus- 
try is determined essentially by minimizing costs, i.e. by substituting, 
say, transport outlays for labour outlays. There remained the need to 
supplement partial location theories by general equilibrium analysis, 2 
because the partial equilibrium approach will only yield a correct 
answer as long as the behaviour of one firm does not influence that of 
any other. 

Lösch primarily used the tools of traditional economics in his 
treatment of locational choice and market areas but he attempted to 

laifred Weber, Theory of the Location of Industries (2nd impression; 


Chicago: University of Chicago Press, 1957). 


2Walter Isard, Space Economy, pp. 31-36. 


eln biace 21 


> 


r; 


5 
be Sr ln 


¢ 1 tern al 


aT ou 
8238 


i 
® 
140 


878 * west? 


78 6 1 3 —— 


92 


iw 
5iaeacs> ts eue en e 


ae 


71 Saf 


227 ses say as 
- = * 
4 3 — 
v 
2 pe 
* 

~ — - a 
= 
+e i 1 129 fe 
= mort * 
4 1 2 22 — 


g 


ö 


* 


e I 8 7¢ tad 


> - 
ad? 3 2 2850 7 —— 


$20 
: 


a” 


pee? ciret= "9b et os 


rear: , ye 


incorporate the effects of the spatial interdependence of economic 
units into his locational analysis.! This approach has been severely 
critized, primarily for the extreme degree of abstraction which cannot 
yield useful solutions to the problem. 2 

A more successful attempt at developing a general location theory 
by fusing location theory with general equilibrium analysis was made by 
Predthl and Isard.? Basically, this approach involves the utilization 
of the well-known substitution principle "by means of which a general 
equilibrium approach could be systematically applied to location anal- 
ysis".+ Substitution takes place between transport inputs and between 
various types of outlays and revenues. Isard's ultimate objective is 
to express the spatial equilibrium in an input-output model by incor- 
porating his distance inputs into the equation system. This involves, 
among other complications, the decomposition of the national economy 
into a large number of regions. The main criticisms levelled against 
Isard's substitution approach concern his assumption of a continuous 
transport plane, reminiscent of Losch's, and his treatment of transport 


inputs as intermediate products;° both create difficulties in general 


August Lösch, The Economics of Location (Science Editions; New 
York: John Wiley and Sons, 1967) pp. 6-9; Stefan Valavanis, Lösch on 
Location" American Economic Review, Vol. XLV, No. 4, Sept. 1955, pp. 
637-644, 


2Louis Lefeber, Allocation in Space (Amsterdam: North-Holland 
Publishing Company, 1968), p. 3. 


Valter Isard, Space Economy, pp. 31-36, Andreas Predohl, 'The 
Theory of Location in its Relation to General Economics", Journal of 
Political Economy, Vol. 36 (1928), pp. 371-390 and "Von der Standorts- 
lehre zur Raumwirtschaftslehre", Jahrbuch für Sozialwissenschaften, Vol. 
ha DE eg a iad WOE 


‘Walter Isard, Space Economy, p. 32. 


“Louis Lefeber, Allocation, pp. 3-5. 
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equilibrium analysis of location. 

On an operation level input-output methods have been used in in- 
dustrial complex analyses to estimate the direct and indirect impact of 
an industry locating in the region; a separate location study was used 
to determine the optimal plant location, as this was beyond the scope 
of the inter-industry model.! These limited applications fall, of course, 
far short of the aforementioned general location theory concept. 

In order to avoid some of the rigidities of input-output models, 
especially their inability to explain trade patterns and to optimize the 
distribution of production, inter-regional linear programming models 
have been developed. Some of them, notably Lefeber's model, are able 
to derive optimal locations, an optimal allocation of resources, deter- 
mine optimal flows of the output to markets, and to maximize outputs for 
final demand in a Walrasian general equilibrium framework (with the 
familiar assumptions of perfect competition, perfect knowledge, and no 
institutional rigidities).3 The main weakness of programming models 
appears to be the treatment of the demand side: prices for final goods 
and transport services are not provided as a solution by the model, as 
they ideally should be, but must be given as data on the basis of which 


optima and equilibrium conditions are determined. 


Walter Isard and Robert E. Kuenne, he Impact of Steel upon the 
Greater New York - Philadelphia Industrial Region!“, Review of Economics 
and Statistics, 35 (1953-54), pp. 289-301. Frederick T. Moore and James 
F. Petersen, "Regional Analysis: An Interindustry Model of Utah“, Review 
of Economics and Statistics, 37 (Nov. 1955), pp. 368-383. 


2For example Louis Lefeber, Allocation. For further reference see 
Leon N. Moses, The General Equilibrium Approach", in Spatial Economic 
Theory, ed. by Robert D. Dean, William H. Leahy, and David L. McKee (New 
York: The Free Press, 1970), pp. 23-28. 


3Harry W. Richardson, Regional Economics, pp. 112-116. 
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Besides input-output and programming models there exists another 
type of 'mutual-interdependence models'! which must be mentioned briefly. 
These are highly abstract constructs which avoid the questions posed by 
the introduction of the spatial dimension and transport costs by taking 
refuge in formal generalizations with little explanatory value with 
respect to spatial problems.* By regarding identical goods at different 
locations (and times) as entirely different economic objects the com- 
modity space is simply enlarged and the analysis can proceed as though 
time and space did not exist. While this approach allows concentration 
on the determination of prices in competitive markets and their role 
in the economy, it does not provide any insights into the workings of 
the space economy. 

It may be appropriate at this point to make a few remarks about 
two related assumptions commonly made in general equilibrium theory 
and usually upheld in spatial models: perfect competition and perfect 
divisibility of factors and commodities. With respect to the market 
form the criticism is that the mere presence of space, intervening in 
the flow of economic objects (factors and commodities), confers some 
degree of monopoly power to economic agents; transport costs reduce 
economic mobility. For this reason it may be contended that 
theories of the space-economy and of monopolistic competition (broadly 


conceived) are inextricably bound together.''9 While some writers, for 


lLeon N. Moses, The General Equilibrium Approach", p. 15. 


2See, for example, Gerard Debreu, Theory of Value (New York: John 
Wiley and Sons, Inge, „ 1959), pp. 29-30. 


3Walter Isard, Space Economy, p. 49. 
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example Lösch and pal ander, ! have attempted to develop their theories 
of location by explicitly recognizing the imperfectly competitive char- 
acter of the economy, others, for example Lefeber,* defend the reten- 
tion of the pure competition assumption in their analysis by pointing 
out that it permits the derivation of an optimal or ideal system. 
Against this optimal allocation the deviations of the real world can be 
appraised and corrective measures can be planned. 9 

The two assumptions are related because of the implications of in- 
divisibility for the maintenance of perfect competition.* Noting that 
most of the literature on location theory assumes divisibility, Koopmans 
points out that this approach fails to grasp an essential point in the 
explanation of urban agglomerations. His view is supported by prelimin- 
ary investigation of the properties of a locational model.° The welfare 
Significance of these considerations lies in the fact that a relaxation 
of the assumptions results in a departure from the optimum. 

With regard to dynamic adjustment mechanisms it may be pointed out 
that both partial and general equilibrium models employ the notion of 


differential adjustments to restore a condition of disequilibrium to 


lwalter Isard, Space Economy, pp. 49-50. 
2Louis Lefeber, Allocation, p. 11. 


3For a critical view of pure competition as a basis for comparison 
of welfare implications, see Edward H. Chamberlin, "The Theory of Mon- 
opolistic Competition (6th ed.; Cambridge: Harvard University Press, 
1948), pp. 214-215. Also see Walter Isard, Space Economy, p. 50. 


*Tjalling C. Koopmans, Three Essays on the State of Economic Science 


(New York: McGraw-Hill Book Company, 1957), pp. 150-154. Also Gerard 


Debreu, Theory of Value, p. 30. 


°Tjalling C. Koopmans and Martin Beckmann, "Assignment Problems and 
the Location of Economic Activities“, Econometrica, 25 (Jan. 1957), pp. 
53-76. But see also Louis Lefeber, Allocation, p. 8. 
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equilibrium. A spatial equilibrium model would have to allow for mar- 
ginal spatial adjustments--a questionable proposition. 

Finally it must be noted that the data requirements for spatial 
general equilibrium models--already large for the non-spatial variety 
of, say, the input-output type--are formidable. Recognition of all 
possible locations in the general equilibrium system of equations adds 
a "bewildering" number of variables.! As in the case of industries, 
this problem may be alleviated for operational purposes by aggregating 
individual locations into regions within which no locational problems 
and choice are assumed to exist. In fact, the one-point economy of 


traditional economics may be regarded as the extreme aggregation. 


1.4 Regional Economic Problems 

Many of the present economic problems are regional in nature. They 
are "problems of spatial organization“? and their understanding requires 
the study of man's economic behaviour in space. The presence of such 
problems is usually indicated by a divergence of regional per capita 
incomes from the national average. While such regional income dispar- 
ities may be the effect of some problem, the causes can vary from in- 
ferior resources, imperfect mobility, or lack of demand to an econom- 
ically unjustified underestimation of the development potential of the 
area, resulting in an over-all reduction of social welfare. 

Connected with the problems of spatial organization and their wel- 
fare aspects are the issues of efficiency and equity. Efficiency re- 
lates to the maximizing of some economic variable and the marginal 

1Louis Lefeber, Location and Regional Planning, sini Smifar 
1 15 7 (Athens: Center of Planning and Economic Research, 1966), pp. 


2 John Friedman, Regional Economic Policy for Developing Areas", 


Papers and Proceedings of the Regional Science Association, XI (1963), 
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conditions are extended to allocation and distribution in space. The 
equity issue extends beyond the economic to the social and political 
systems and reflects the normative concept of the "rights of people". 
Often social and economic goals seem to conflict;! but the conflicts 
may not be as serious as it appears, for many of the trade-offs of 
economic actions are social and political in nature. When looked at 
in the light of social welfare maximizations such concomitants of re- 
gional disparities as waste of human and non-human resources, personal 
unhappiness, crime, tension, and political unrest may render invalid 
simple efficiency considerations. 

Of importance to regional economics is the fact that growth is 
not only a scale phenomenon with differential sectoral effects, but 
also with uneven geographic impact, i.e. it is basically unbalanced. 2 
Both its concentrated presence in some areas and its absence in others 
create problems, and many economists are therefore concerned with the 
factors determining the location of industries and the transmission of 
growth. 

Underlying economic planning and policy are slowly changing and 
changeable structural elements of the economy and the economic land- 
scape. Economic and non-economic patterns tend to persist,’ and policies that 

1See also Stephan Robock, "Strategies for Regional Economic Devel- 
opment", in Regional Economics: Theory and Practice, ed. by David L. 


McKee, Robert D. Dean, and William H. Leahy (New York: The Free Press, 
1970) % p 246% 


2Niles M. Hansen, "Development Pole Theory in a Regional Context", 
ibid., pp. 134-135; Francois Perroux, Note on the Concept of 'Growth 
Poles', ibid., p. 102; Albert 0. Hirschman, The Strategy of Economic 


Development (New Haven and London: Yale University Press, 1958), p. 184. 


3jJohn R. p. Friedman, The Spatial Structure of Economic de sepa 


in the Tennessee Valley, Department of Geography, Research Paper No. 
(Chicago: The University of Chicago Press, 1955), pp. 94-96. 
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do not recognize this often result in large amounts of money being 
frittered away on infrastructure and the unsuccessful subsidization 
of industries. Then the damage is double in that not only equity is 


not enhanced but efficiency is lost. 


1.5 Purpose and Direction of this Study 

The purpose of this thesis is an analysis of the locational sig- 
nificance of inter-industry linkages in the Canadian economy. The 
general hypothesis is that input-output linkages, because of the tech- 
nical relationships they represent and the spatial flows of commodities 
they imply, will induce the linked industries to locate in close prox- 
imity to one another, i.e. they will tend to cause agglomerations of 
economic activity. It has also been suggested elsewhere! that the 
explanation of such industrial agglomeration is of focal interest in 
spatial analysis. 

Stigler points out that one would expect 

1. . . to find some relationship between the functional struc- 

ture of an industry and its geographical structure -- after 

all, reductions in transport costs are a major way of in- 

creasing the extent of the market. 2 
A similar view is advanced by Leontief when he says that 

"Economic systems tend naturally to combine the international 

division of labor with the minimization of transportation 

costs. The latter costs can be kept down if an industry is 

located or developed in close proximity to the largest direct 

customers for its outputs or the suppliers of its inputs. 

Quite independently of transportation costs, however, a grow- 


ing economy derives a considerable, although less measurable, 
advantage from developing whole families of structurally 


Louis Lefeber, Allocation, p. 130. 


2George J. Stigler, "The Division of Labor", p. 158. 
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related industries rather than isolated industries that 
depend on foreign trade for supplies and markets. 1 


It is interesting to note that Leontief does not only refer to the 
existing spatial structure of the economy but also to the development 
aspect of inter-industry relationships. This point will be dealt with 
in greater detail at a later stage. 

The model used in the analysis is partial; it concentrates on the 
role of linkages in the explanation of industrial agglomeration. There 
are, of course, a number of other factors contributing to a concentra- 
tion of economic activities in certain places. Some of them will be 
mentioned below. One of the analytical problems is that they are 
difficult, if not impossible, to separate and quantify. This study 
thus is restricted to an analysis of the locational impact of linkages. 

In order to provide systematic information on the relationship 
between input-output linkages and the geographic association of indus- 
tries a number of hypotheses will be tested. They are general hypo- 
theses and relate to all manufacturing industries taken together. The 
importance of linkages to specific industries will also be investigated. 
Using the tools of analysis applied in this study an attempt will 
then be made to delineate industrial complexes. 

Finally, in the conclusion, some policy aspects of the analysis 
will be noted and possibilities for further research will be indicated. 


Massi ly Leontief, "The Structure of Development", in: Input- 
Output Economics (New York: Oxford University Press, 1966), p. 65; 
italics mine. The reference to the international scene does not de- 
tract from the applicability of the quotation, for the distinction 
between international and interregional is less one of kind than one of 
convenience. 
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25 AGGLOMERATION AND THE LOCATION OF INDUSTRIES 


Casual observation suggests that, in the process of economic 
development, countries do become both more industrialized and increas- 
ingly urbanized. Indeed, industrialization and urbanization appear to 
be different aspects of the same process.! It is obvious that the 
forces at work are highly complex and interrelated and the direction of 
causality is not always clear. While industries producing finished 
products may be attracted to centres of population because these centres 
not only constitute ready markets for labour inputs but also markets for 
their output, the locational optimum for intermediate producers may be 
less apparent. Their production too, however, appears to be concen- 
trated in large urban centres. 2 

In this chapter a number of agglomerative factors will be discussed 
after a definition of the term has been provided. The works of several 


writers in the field of agglomeration will be mentioned and character- 


ized. 


2.1 Definition and Description of Agglomeration 
Following Weber, an agglomerative factor may be defined as "an 
IHendricus C. Bos, Spatial Dispersion of Economic Activity 
(Rotterdam: Rotterdam University Press, 1965), p. 4. 


2See Table 1. 
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TABLE 1 


EMPLOYMENT DATA AND POPULATION CORRELATION COEFFICIENTS BY 


INPUT-OUTPUT INDUSTRY FOR CENSUS METROPOLITAN AREAS, 1961 


CMA 
IOTC-L Employ - 
Industry ment 


Slaughtering §& Meat Processors 22785 


Poultry Processors 693 
Dairy Factories 16,869 
Process Cheese Manufacturers 1,048 
Fish Products Industry 85852 
Fruit & Veg.Canners & Preservers 5,190 
Feed Mills 1,490 
Flour Mills 2,673 
Breakfast Cereal Manufacturers 983 
Biscuit Manufacturers 5,853 
Bakeries 24,210 
Confectionery Manufacturers 6,948 
Sugar Refineries 25292 
Vegetable Oil Mills 379 
Miscellaneous Food Industries 8,873 
Soft Drink Manufacturers 7,902 
Distilleries 4,380 
Breweries & Wineries To 51 
Leaf Tobacco Processing 106 
Tobacco Products Manufacturers 6,970 
Rubber Footwear Manufacturers 1,320 
Tire & Tube Manufacturers 75 88 
Other Rubber Industries 3192 
Leather Tanneries 1,895 
Shoe Factories 13,422 
Glove 8 Luggage Manufacturers 5, 218 
Cotton Yarn 8 Cloth Mills 5,996 
Wool Yarn 8 Cloth Mills 2,398 
Synthetic Textile Mills 1,588 


Carpet, Mat & Rug Industry 732 


Percentage 
of Total 
Cdn. Indus- 
try Empl. 


Population 
Correlation 
Coefficient 


8271 
5624 
9827 
7628 
9957 


7724 
18109 
8644 
0491 
8821 


9882 
8866 
6734 
„ 
9991 


a As 
.5864 
6792 
hore 
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IOIC-L 
Number 


TABLE 1-Continued 


IOIC-L 
Industry 


Linoleum à Coated Fabrics I. 
Text Bags d Canvas Products I. 
Other Textile Industries 
Hosiery Mills 

Other Knitting Mills 


Clothing Industries 

Sawmills 

Veneer 8 Plywood Mills 

Sash & Door and Planing Mills 
Other Wood Industries 


Household Furniture Industry 
Other Furniture Industries 
Pulp & Paper Mills 

Asphalt Roofing Manufacturers 
Paper Box d Bag Manufacturers 


Other Paper Converters 
Printing, Publ. 8 Engraving 
IroneG;steel Mills 

Steel bape G Tube, Mals 
Iron Foundries 


Smelting 8 Refining 
Aluminum Roll., Cast. 8 Extrud. 
e e eee eee G LExtrud. 
Metal*Roll., Cast. G& Extruds ness 
Boiler 8 Plate Works 


Fabricated Struct. Metal I. 


Orn. & Architect. Metal Industry 


Métal) stamp., Press. & Coat. 1. 
Wire 8 Wire Products M. 
Hdwe., Tool & Cutlery M. 


Other Metal Fabricating I. 
Machinery §& Equipment M. 
Refrig., Office & Store Mach. M. 
Aircraft & Parts M. 

Motor Veh. 8 Trailer M. 


CMA 
Employ- 
ment 


1872 
2114 
9,208 
4,191 
5,659 


1 
11,008 
5,004 
Ten le 
4,767 


13,353 
8,964 
112 
1,756 
14,149 


7,104 
65,031 
20,856 

1,267 

4,761 


5,539 
2,602 
5847 
1,475 
5,180 


Vig 292 
6,757 
3 
7,135 
6,429 


21,403 
Tyee ene 
6,983 
24,728 
19,605 


Percentage 
of Total 
Cdn. Indus- 
E Er 


Population 
Correlation 
Coefficient 


8758 
9610 
9240 
8404 
9618 


9084 
1 
1820 
9616 
1 
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TABLE 1-Continued 


Percentage 

CMA of Total Population 

IOIC-L IOIC-L Employ- Cdn.Indus- Correlation 

Number Industry ment try, Empl, Goetti crent 
77 Motor Vehicle Parts M. 6,821 41.54 5636 
ep 1. 28 23 64.62 .6861 
79 M. of Electrical Appliances 14,537 5202 28108 
80 M. of Communication Equip. 21,543 74.71 9238 
I Me of El. Industrial Equip. 10,142 8 7428 
e eee Ely Products M. 14,929 776 8928 
83 Cement & Lime Products M. 9 47.39 7837 
84 Concrete & Gypsum Products M. 85627 56.01 9306 
85 Clay, Stone d Refract. Prod. M. 3 41.77 . 7068 
86 Glass 8 Glass Products M. 8,030 70.93 .9029 
87 Other Non-Met. Mineral Prod. I. 2,683 40.32 9567 
88 petrol. 8 Coal Products I. 12,060 7A 8941 
89 Explosives & Ammunition M. 1,328 2805 3754 
oer Mixed) Fertilizers 733 52.15 .8704 
SIS Me of Plastics Resins 2,134 41.87 .7992 
92 M. of Pharm. 8 Medi cines 8,560 s 9568 
93 Paints 8 Varnishes M. 75041 90.73 . 9607 
94 M. of Soap 8 Cleaning Compounds 5,010 9280 7390 
95 M. of Toilet Preparations 3712 65.71 8 
96 Industrial § Other Chem. I. 13.528 49.32 9656 
ie Manufacturing. Indus tries 02 74. 20 . 8833 


*calculated from: Canada, D.B.S., Census of Canada, 1961: Labour Force: 
Industries, Vol. III, Part 2, Cat. No. 94-519. 


bpor complete industry names see Appendix 2. 
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advantage or a cheapening of production or marketing which results 
from the fact that production is carried on to some considerable extent 
at one place, while a deglomerative factor is a cheapening of production 
which results from the decentralization of production (production in 


more than one place) . 1 


It is noteworthy that Weber meant his theory of 
agglomeration to deal with pure or 'technical' agglomeration only, 2 
i.e. with those aspects of concentrations of economic activity that are 
due to the influence of spatially passive factors. Technical agglomer- 
ative economies or diseconomies are dependent upon the magnitude of 
activities carried out at a certain location, not upon the influence of 
transportation facilities and costs or labour markets. As the lines of 
distinction between pure and, for example, transport agglomeration are 
not only fine but also appear to be somewhat artificial, this classi- 
fication has not been upheld in later writings. + The concept of agglom- 
eration used in this study is also the wider one, embracing, in partic- 
ular, also the effects of transportation on the concentration of indus- 


tries. It is then possible to distinguish between at least two types 


of agglomeration economies: transfer economies and externalities. 


1Al fred Weber, Theory of the Location of Industries, trans. by Carl 


J. Friedrich (Chicago: University of Chicago Press, 1957), p. 126. 
2Ibid., pp. 134-135. 


3Walter: Isard, Space Economy, pp. 139-140. 


+See, for example, Bela Balassa, The Theory of Economic Integration 


(Homewood, Illinois: Richard D. Irwin, Inc., 1961), pp. 194-196. 


“The term concentration“, as used here, refers to concentrations 
of economic activity in space and not to the degree of concentration in 
any particular industry in the sense of market forms; the concern is 
with the locational juxtaposition of different industries. 
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2.2 Trans fer Economies 

Trans fer costs may be defined to include not only transportation 
costs (the costs of movement through space of commodities) and storage 
costs (the costs of movement through time of commodities) but also 
communication costs, i.e. the costs of transferring information from 
one location to another.! Florence points out that "juxtaposition 
allows lower transport cost and easier communication: (a) from the 
suppliers to the demanders of materials or products, and (b) between 
one specialized process in production and another; and (c) allows spec- 
ialized auxiliary services on the spot to be fully utilized. “? Examples 
may be as varied as reduced transportation costs on intermediate mater- 
ial inputs and outputs, being able to talk to suppliers and clients 
quickly and in person, discussing business problems over lunch, close 
contact to banks and other financial institutions, immediate access to 
repair services for machinery and equipment. By locating in close geo- 
graphical proximity to one another, interrelated industries are thus 
able to take advantage of agglomerative economies through the reduction 
of transfer costs. The field of transportation contains several aspects 


some of which should be treated in more detail. 


2.2.1 Fundamental Role of Transportation. The production of transporta- 

tion services has characteristics uncommon to other industries. These 
lSee Edgar M. Hoover, The Location of Economic Activity (New York: 

McGraw-Hill Book Company, Inc., 1948), pp. 117-120 and Harry W. Richard- 


son, Regional Economics, pp. 420-421. 


2p. Sargant Florence, Investment, Location, and Size of Plant 
(Cambridge: University Press, on De ‘ 
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services are generally not desired for their own sake! but needed to 
bring together inputs and to distribute outputs of all other indus- 
tries. The role of the transportation sector is fundamental in that 
transport costs appear to be the only relevant locational factor? 
related to overcoming the friction of space; they vary systematically 
with distance and impart a regularity to the spatial setting of eco- 
nomic activities. All other locational factors may be considered to 
receive their locational significance through their relationship to 
movements through space, i.e. transportation costs determine the 
degree of mobility of inputs and outputs. The greater the ease of 
mobility, the lower the transportation costs and the lower the polar- 
izing force of a commodity, v.v. Complete 110 1 1 for example in 
the case of mines, is equivalent to infinitely high transportation 
costs, and the location is imperatively fixed. Financial capital, 

on the other hand, is highly mobile because of its low transportation 
costs. Ubiquitous materials, as an extreme, have no locational sig- 
nificance at all. Labour inputs may be cited as a final example: 
their mobility, relatively high for short distances, decreases rapidly 
beyond a certain distance. ° 

Thus as a result of differing degrees of mobility or, economically, 


varying transportation costs, locational factors have associated with them 


Except for "joy rides“ in the field of passenger transportation. 


2weber defines a locational factor as a monetary advantage 
realized by locating at a certain point and not elsewhere. See 
Alfred Weber, Location, p. 18. 


3Walter Isard, Space Economy, p. 140. 


4See also Hendricus C. Bos, Spatial Dispersion, p. 13. 


[The difference between long-run and short-run behaviour will not 
be considered here. 
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centrifugal or centripetal forces, i.e. they tend to disperse or con- 


centrate economic activity. 


2.2.2 Level of Transportation Costs. The level of transportation costs 
generally is an increasing function of the weight of the commodity and 
the distance over which it is to be transported. However, discrimina- 
tion against certain commodities, subsidies, and noncompetitive agree- 
ments create actual transportation rate schedules that do not only 
reflect economic circumstances. As a result rate schedules are not 
only very complex, but only a small proportion of the total volume of 
freight is transported according to posted rates for classified com- 
modities.! The two most common features of rate schedules are the 
downward-sliding scale of block rates as distance and weight increase 
and lower rates for low value/high volume raw materials as opposed to 
high value/low volume manufactured products. 2 While the former is 
mainly due to fixed terminal charges that can be spread over a larger 
variable cost share, the latter appears to be only partially due to 
cost differences. The main reason may be found in the higher trans- 
poration cost elasticity of low-value bulk products. Both tend to 
favour a concentration rather than a dispersion of manufacturing 
Industries: 

IMoreover, this proportion has declined in recent years. See 
Canada, Board of Transport Commissioners for Canada, Waybill Analysis 
GarloadnAlleRail’ rraffic: 1965 (Ottawa: Queen's Printer, 1986), pP. 35 
and ibid., 1969, p. 43. 

28e e United Nations, Department of Economic and Social Affairs, 
Economic Commission for Europe, Economic Survey of Europe in 1954 (Gen- 


eva: United Nations Publication, 1955), p. 153; Archibald W. Currie, 
Economics of Canadian Transportation (Toronto: University of Toronto 


Press, 1954), pp. 195-198. Benjamin Chinitz, ''The Effect of Transport- 


ation Forms on Regional Economic Growth, Traffic Quarterly, 14 (1960), 
pp. 136-138. 
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Besides the various influences of the transportation rate struc- 
ture on the level of transportation costs and, thereby, on the agglom- 
eration tendencies of industries, there are a number of characteristics 
of the production process itself that affect the agglomerative behav- 
iour of industries, for example, weight loss of the product in the 
course of production and use of ubiquities. While the former tends to 
attract an industry to the location of its weight-losing input, the 
latter tends to pull an industry towards a market location because 
transportation costs can be reduced. If an industry is footloose, i.e. 
the proportion of material inputs to total inputs is very low, it will 
not be transport-oriented in its locational choice at all; external 
economies or non-economic amenities may determine its location. 

The level of transportation costs is, ceteris paribus, also 
affected by the availability and quality of transportation facilities. 
Indeed, many cities owe their existence to the presence of natural 
transportation routes. Changes in transportation technology and costs 
can have a profound impact on a city's hierarchical rank in a region by 
diverting economic activity elsewhere.! Barring exceptional cases, an 
urban-metropolitan region may be viewed as a network of transport 
interconnections’ with strong agglomerative effects. 

The case of transportation facilities may serve as an example for 
the difficulty of keeping apart agglomeration economies due to trans- 
portation costs from those due to externalities. Transportation facil- 


ities are usually lumped together with gas, electricity, water supply, 


ISee Hugh O. Nourse, Regional Economics, p. 223. 


2See Walter Isard, Space Economy, p. 11. 
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etc.! under the heading of infrastructure or economic overhead capital? 
and the agglomerative effect is taken to accrue via pecuniary external 


economies. This point will be discussed in some more detail below. 


2.2.3 Transport Innovation and the Importance of Transportation Costs. 
Technological progress in the transportation sector can have two 
different effects on agglomeration. Assuming the extreme of infinitely 
high transportation costs, the result would be self-sufficiency in all 
regions. In this abstract case economic activities would be distributed 
according to the distribution of population. A reduction in transporta- 
tion rates would facilitate polarization of the economic landscape by 
freeing industries from their previously fixed locations and allowing 
them to take advantage of scale economies and other locational factors. 
Lower transport costs enhance the importance of other locational fac- 
tors and the market for both inputs and outputs is widened. 

However, starting with a given uneven distribution of economic 
resources and activities, lower transportation costs may lead to greater 
relative specialization of regions in those activities in which they 
have a production advantage. This ability of distant production centres 
to compete in large central markets constitutes a depolarizing effect. 


Through a reduction of economic distances lower transportation rates 


1Bela Balassa, Economic Integration, p. 195. 


2For a definition of economic and social overhead capital see 
Niles M. Hansen, "Unbalanced Growth and Regional Development“, in 
Regional Economics, ed. by David L. McKee, Robert D. Dean, and William 
H. Leahy (New York: The Free Press, 1970), pp. 231-232. 
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enlarge the set of feasible locations in the economy, "because a 
given level of profit may now be reached at a greater number of spatial 
points.“! Already these simple examples show that no unequivocal 
statements can be made about the locational impact of a reduction in 
transportation costs. The matter becomes even more complicated if 
the decrease is not general but applies only--as it likely would--to 
certain modes of transportation and, thereby, to certain industries. 

In the absence of a detailed study it is almost impossible to 
make generalizations on the importance of transportation costs for the 
location of industries. Some parts of this question, the agglomerative 
Aspects, 1111 receive more detailed study below. An examination of the 
relevant input coefficients of the Canadian input-output tables readily 
reveals the greatly differing proportions of transfer costs in the total 
value of production among the various industries.* Moreover, trans- 
portation costs are, of course, but one of a large number of locational 
factors and, as some writers contend, one of declining significance in 
the selection of industrial locations, Notwithstanding this assertion, 
it has been shown that past trends in the transportation sector have 
encouraged a greater market orientation of industries. 

lHorst Siebert, Regional Economic Growth: Theory and Policy 
(Scranton, Pennsylvania: International Textbook Company, 1969), p. 40. 

2Canada, Dominion Bureau of Statistics, The Input-Output Structure 
of the Canadian Economy 1961 (Ottawa: The Queen's Printer, 1969), Vol. 
2, lable 14. 

Marvin J. Barloon, "The Interrelationship of the e 


ture of American Transportation and Changes in Industrial Location", 
Land Economics, 41(1965), pp. 169-170. 


o?--bivow weal 21 In e yon — 


tet nato of , yore? ,bns noitattoqanuirs fame 


of slddeeonmi e,, et 2 ybut2 baliassb s to ; eds nT | 


sds rot eee oitagudqenexy de ennie ef? no enottasiistemy, oe 


- avifatemoligys afd .sortadup itd 20 Stag eno et to nok 
oi? J nat renne WA .woled ybuge belingeb evom svieosr ,,, ee 


qliteet seid - nt asibsae) 943 to 21mersiateos nant rh N 


fate? H mi an Talus: 16 anolstoOqo1q Ante ib teig ody eleevet 
-n r „ lee eee ecoivay en gnome noitasbetq 10 sulav 


Ale to todmun re a to ano Jud eee Yo eee 23209 eee ent 


ni eoneoitingia gnintfosh to sao ,biisino> 2t07izew once ae n 210184 


„ notaveses ald gakbas vH Ieh ©.enotgsoc! Isiazeubat 3 nose edt” 


evad vo noisRItoqenst? 9A? ni abhasts Jeaq Jans qwote asad 2ad SE 
.*sitteubsi to rolisineix Jottem 12 309'y 8 begazuoone 


1 
1 
i 


25 


In general one may point out that technological advances have 
changed consumption patterns in the past and will probably continue to 
do so in the future.! With increasing affluence the trend is to more 
complex and sophisticated consumer goods whose transportation costs 
form a lower proportion of the total value of the product than those 
of low-price staple products. The locational impact of a reduction in 
the weight of transportation costs on the total costs of a product is 
and increase in the importance of other locational factors. This 
trend may be weaker in the Canadian economy than in, say, European 
countries because distances are relatively large and markets compar- 


atively narrow. 


2.3 External Economies 

The second group of agglomeration economies to be considered com- 
prises externalities. While undoubtedly of locational significance, 
external economies and diseconomies so far have escaped direct quanti- 
tative measurement because of the difficulty of separating individual 
external economies as location factors and measuring them under 
eceterts partbus conditions. These data problems have prevented a 
systematic analysis of externalities before and no attempt will be made 
here to take them into account directly. It is possible, however, to 
characterize these agglomerative forces and to indicate how they tend 
to affect the location of industries. 


The following brief list of frequently cited external economies 


lSee Louis Lefeber, Location and Regional Planning (Athens: 


Center of Planning and Economic Research, 1966), pp. 26-27. 
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illustrates the diverse nature of these locational factors!: the 
existence of infrastructure such as gas, water, and transportation 
facilities, output or costs of a given firm are favourably affected by 
an increase in activity of other firms, creation and utilization by 
many firms of a common pool of skilled labour, and the existence of 
specialized service facilities. 

In the following section an attempt will be made to classify ex- 
ternalities, to relate them to the spatial variable and to indicate a 


common denominator. 


2.3.1 Classification of Externalities. Externalities may be classified 
by placing them into a somewhat wider framework and relating them to 
the scale of economic activity. External economies are then, in es- 
sence, one type of scale economy. The reference point is the firm and 
economies are characterized as internal or external to the firm. The 
former comprise the well-known cases of returns to scale, especially 
increasing returns to scale which result in decreasing long-run average 
costs. The reasons commonly advanced for the existence of these in- 
ternal scale economies are specialization through division of labour 
and the ability to use a more efficient technology. 2 

External economies of scale may be subdivided again by taking the 
industry as an additional criterion and distinguishing between scale 

Ihe focus on external economies is merely a matter of convenience 


here and does not mean to imply that external diseconomies are of 
lesser importance. 


2Richard H. Leftwich, The Price System and Resource Allocation 
(4th ed.; Hinsdale, I111.: The Dryden Press Inc., 1970), pp. 162-163. 
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economies external to the firm but internal to the industry and scale 
economies external to the firm and to the industry (but internal to the 
national economy). Contrary to internal scale economies which are both 
caused and received by the firm, scale economies external to the firm 
but internal to the industry accrue to the firm upon an increase in 
industry output while economies of scale external to firm and industry 
are caused by a general increase in economic activity, i.e. an increase 
in the output of all industries. Both types of external economies may 
be pictured as downward shifts of the long-run average cost curves of 
the individual firm. 

While both types of externalities are transmitted because of inter- 
dependencies among productive units, it is necessary to point out one 
fundamental difference in the origin of the interdependencies. Follow- 
ing Scitovsky's terminology ,! we may distinguish between technological 
and pecuniary externalities. Technological externalities are based in 
the characteristics of production functions; these are the "spill-over 
effects“ that cause problems in the static model of optimum resource 
allocation. They are present, given outputs x, output prices p, inputs 
Voeandtactivities 12 nn, LE outputexyeis notsonlypdependent 
upon inputs into that activity v, but also upon the scale of operation 
Gbsothercactivicies < 

Ke FAX SR Vee .. OF RV. 
The function indicates that technological externalities are non-market 


interdependencies, i.e. they are physical influences that are not 


lTibor Scitovsky, "Two Concepts of External Economies", The Journal 


of Political Economy, 62 (1954), pp. 143-151. 
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accounted for through prices. Examples are, for external diseconomies, 
the adverse effects of pollution caused by one producer upon another 
or a reduction in agricultural output due to a lowering of the water 
table because of strip-mining.! The bee-orchard case may serve as an 
example for an external economy. 

Pecuniary externalities exist whenever the profit of one producer 
does not only depend upon his own inputs and output but also upon 
those of other firms. These interdependencies are transmitted through 
the market mechanism via price changes resulting from a change in the 
scale of economic activity: 

e Se) e W 
e gn ours n. 2 Un- 
like technological external economies, pecuniary external economies are 
a dynamic phenomenon and occur in the process of economic growth. 8 
While a more detailed discussion of their implication for optimal re- 
source allocation would lead too far afield,* it may be noted that their 


existence requires modification of private profitability as a sole in- 


lHorst Siebert, Regional Economic Growth: Theory and Policy 


(Scranton, Penn.: International Textbook Company, 1969) apes. 


2This formulation which follows Scitovsky's, appears to be prefer- 
able to that of Siebert whose function gives the misleading impression 
that price changes cause output changes; the correct interpretation is 
that scale changes of one producer result in changes of his prices (in- 
put and/or output) which, in turn, cause profit changes for another 
producer. This may or may not result in output changes of the affected 
producer; his profits will be affected in any case. 


3Paul H. Cootner, Social Overhead Capital and Economic Growth", 
in The Economics of Take-off into Sustained Growth, ed. by W. W. Rostow 
(New York: St. Martin's Press, 1965), pp. 262-263. 


4See Tibor Scitovsky, "Two Concepts", pp. 248-250. 
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vestment criterion and points the way toward an analysis of the feas- 
ibility of an entire interdependent group of industries. 

Direct interdependencies through pecuniary external economies 
are important and occur frequently; examples are reduction in input 
prices for a producer because of economies of scale realized and 
passed on by his supplier, or cost reductions due to improvements of 


economic overhead capital such as roads, municipal services, railways. 


2.3.2 Relation of Externalities to Location. So far externalities 
were treated without particular reference to the spatial dimension. 
In order to discuss the locational significance of external economies 
it is necessary to relate them to space. For only if, in order to 
appropriate the external economies, it is necessary to locate in the 
same place in which the industry generating them is located, will they 
constitute an agglomerative force. Robinson's distinction between 
mobile and immobile external economies is fruitful in this context. ! 
Some external economies, such as certain technological advances, are 
immediately dispersed world-wide, becoming, as it were, common pro- 
perty. These are perfectly mobile and cannot be considered location- 
al factors. Other economies, such as the availability of infrastruc- 
ture facilities, the existence of a skilled labour pool, or the 
advantages of close proximity to suppliers and customers will only be 
realized by the 'juxtaposition' of industries in the same location. 
Thus only immobile economies qualify as agglomeration economies. 

IE. A. G. Robinson, The Structure of Competitive Industry, 


Cambridge Economic Handbooks CEH 6 (Chicago: The University of 
Chicago Press, 1964), pp. 124-126. 
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Incorporating spatial considerations Hoover has advanced the fol- 
lowing classification of agglomeration economies: 
"(a) Large-scale economies within a firm, consequent upon 
the enlargement of the firm's scale of production at one 
point. 
(b) lLocaltzation economies for all firms in a single indus- 
try at a single location, consequent upon the enlargement of 
the total output of that industry at that location. 
(c) Urbantzatton economtes for all firms in all industries 
at a single location, consequent upon the enlargement of the 
total economic size (population, income, output, or wealth) 
of that location, for all industries taken together. 1 
The relationship between this classification and the above-mentioned 
distinction between internal and external economies of scale can be 


seen by noting that the three types of economies à la Hoover correspond 


to the immobile components of their scale economy counterparts. 


2.3.3 The Cause of Externalities. It has been pointed out above that 
both internal and external economies are basically economies of scale. 
A common denominator for and a fundamental cause of these scale econ- 


omies may be found in the existence of indivisibilities. 


At the level of the firm increasing returns may result from the 
use of a more efficient but indivisible production technology or the 


use of more efficient but indivisible inputs, such as a blast furnace. 


External economies, and agglomeration economies in particular, are 


similarly rooted in indivisibilities. The trained labour pool, the 


Malter Isard, Space-Economy, p. 172. 


2Edwin Mansfield, Microeconomics: Theory and Applications (New 
York: W. W. Norton and Company, Inc., 1970), p. 138. 
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specialized auxiliary service, the 'industrial climate', or the piece 


of infrastructure! 


will only be possible at a certain size of operation. 
There is thus a definite relationship between indivisibilities and the 
factors that affect the locational decisions of firms. Indeed, 


. .. without recognizing indivisibilities--in the human person, 


in residences, plants, equipment, and in transportation--urban 

location problems, down to those of the smallest village, can- 

not be understood. '!? 
While the theoretical implications of the widespread existence of ind- 
visibilities cannot be further explored here, it may be pointed out how 
both the existence of space and the existence of indivisibilities lead 
to a departure from perfect competition and contribute to a concentra- 
tion of economic activity. The flow sequences may look as follows (the 


arrows indicate "if-then"'): 


a) space > spatial separation > market power > trend towards industrial 
and geographical concentration, 


b) indivisibilities + scale economies > market power > trend towards 
industrial and geographical concentration. 


While these sequences are only a very rough and incomplete indication 
of the processes involved, they may partially explain the stress placed 
upon market structure and ‘industrial climate' by proponents of the 


growth pole approach to regional development. + 


ITäbor Scitovsky, "Two Concepts", p. 247. 


2Tjalling C. Koopmans, Three Essays on the State of Economic 
Science (New York: McGraw-Hill Book Company, 1957), p. 154. 


3Walter Isard, Space Economy, pp. 49-50, 158-159. 


4Francois Perroux Note on the Theory of Growth Poles", trans. by 
Linda Gates and Anne Marie McDermott, in Regional Economics: Theory and 
Practice, ed. by David L. McKee, Robert D. Dean, and William H. Leahy 
(New York: The Free Press, 1970), pp. 100-102. 


% ee 
-noizaneqy to net 
oft baw 
, besbat 

nos rug nn ods 


— AE 


bf Yo ne e eee ovly de e e eee eee eee e een 
wod vun bataiog 94 “am ti ee eee eee ad eee eee 


bal esfvifidiaivihn: de Gonereixs sia ban Sosse to nee elt tod 
ens dend B OF aud ie snd bor 018116092 Ine? 01 mot? srudteqeb 5 oF 
odd) eee 28 dool vaw esonsiipee wolt eft *.vgivirsa ss To wort 
("934% i eth lbal wort 


fsiztevbai reo biste + rawoq ere + ginge initage + eoage ( 
.1oivetinesnce eoldqeryosg bas 


ebievo) bnort’+ yewog Teva + enimonaze sinoe + 2uirtlidietvibal (e 
Molt noo feobnyrygosy bas Isitzenbak 


noitéecibns sselqmoon? foe duet yisv 5 ylno e Spes een „inn 
bagaiq 211 oft niealqxa It ae Yom yods , besyiovni eseasge1q aff Bo 


edi to etnendgota vd ‘sramifo ee eee, Son ocosortse lte noqu 


* tromqoleveh Lsnotger oF doeniqye 10 dsworg 


— 
„d .¢ e eee owl ,ykevorbo2 e 


— 


32 


2.3.4 Assessment of Importance. Given the present state of the arts 
with regard to the measurement of external economies, it is not easy to 
make any definite statements about their importance as a locational fac- 
tor. While some of the authors to be mentioned address themselves more 
to external economies in general and their development effect, the 
statements would appear to apply a fortiort to agglomeration economies, 


i.e. immobile external economies, and their locational effect. 


The difficulty in incorporating external economies into the anal- 
ysis partly stems from the fact that their estimation requires a ceterts 
partbus world where everything which can possibly influence output or 
profits remains constant, except the factor external economies’. 
Moreover, pecuniary external economies are so broadly defined--they in- 
clude, for example, the effects of technical progress--that quantifica- 


tion becomes extremely difficult.! 


As in the case of transfer costs, the opinions also differ widely 
with regard to the importance of external economies as a locational 
factor. One extreme position is occupied by Rosenstein-Rodan who sug- 
gests that underdeveloped regions should invest 70-80% of the capital 
needs of that region into social and economic overhead capital in order 
to realize the agglomeration economies needed to attract other indus- 
tries. While these figures are considered to be exaggerated by Balassa 


he nevertheless ascribes an important role to infrastructure as a 


lHorst Siebert, Regional Economic Growth, p. 126. 


2poul N. Rosenstein-Rodan, Les besoins de capitaux des pays sous- 
développés", Economie Appliquée, (January-June, 1954), p. 82. 
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locational factor. Commenting on the difficulties of measurement and 
the inconclusiveness of empirical studies, Serck-Hansen nevertheless 
feels that ''these advantages and disadvantages (connected with agglom- 
erations) are real and important.'* This view is shared by Hansen who 
points out that new industry could not be attracted to a designated 
growth pole "because of the presence of vastly greater external econo- 
mies in other regions. 3 These agglomeration economies apparently were 
of a sufficient magnitude to compensate for the ensuing increase in 
transport costs. 

Hirschman contends that the external economies that producers can 
appropriate by locating at centres of economic activity are consistent- 
ly overestimated by them.“ While Hirschman's view does not amount to a 
negation of the importance of external economies, he considers the 
agglomeration economies that can be generated by investing in economic 
overhead capital as an unreliable stimulus for the inducement of direct- 
ly productive activities in general, and an unreliable locational fac- 
torecor the attraction, of these activities to certain localities in 
particular. This led to his formulation of the permissive and the com- 
pulsive sequences of investment.° Robock is in substantial agreement 
with this view and points out that any infrastructure investment must 


be related to identified potentials for investment in directly produc- 


Bela Balassa, Economic Integration, p. 195. 


2Jan Serck-Hansen, Optimal Patterns of Location (Amsterdam: North- 
Holland Publishing Company, 1970), pp. 12-13. 


3Niles M. Hansen, "Development Pole Theory", p. 132. 
Albert O. Hirschman, Strategy, pp. 184-185. 
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tive activities. 1 


This again amounts to a discounting of the efficacy 
of the immobile economies spun off by economic overhead capital. 
Examining the role of infrastructure in a slightly different context 
Cootner concludes that the argument with regard to the importance of 
pecuniary external economies--and infrastructure in particular--de- 
pends on the assumption of lack of foresight on the part of the invest- 


ors. 2 


For if there was no uncertainty private profit opportunities 
would not be underestimated. 

Examining external economies other than infrastructure, Robinson 
reaches the conclusion that the proportion of mobile to immobile ex- 
ternal economies is steadily increasing. The tendency toward a geo- 
graphical concentration of industries would consequently be lessened. 
Wilkinson has observed that the adoption of mass production techniques 
for standardized products results in a decreasing importance of extern- 
al economies created by the ready availability of specialized auxiliary 
services.“ As these advantages are localized, the nature product 


stage' involves a decline in the role of agglomeration economies as a 


locational factor: 


Florence may be cited as a final reference on the importance of 


external economies. His extensive investigations into-the structure of 


Stefan H. Robock, "Economic Development", p. 255 


2Paul H. Cootner, Social Overhead Capital and Economic Growth", 
pp. 263, 265. Cootner's article deals with the role of uncertainty in 
decision-making. | 


3E. A. G. Robinson, Competitive Industry, p. 124. 


4Bruce V. Wilkinson, Canada's International Trade: An Analysis 
of Recent Trends and Patterns (Montreal: Private Planning Association 


of Canada, 1968), pp. 116-117. 
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British and American industries led him to conclude that much of the 
Spatial juxtaposition in British metal and textile industries was due 
to the immobile external economies resulting from a high degree of 
specialization of interdependent plants. ! 

Before concluding this section a few remarks should be made about 
the measurement of external economies. For any particular industry 
backward and forward linkages may be used as a guideline for the pos- 
sible existence of external economies.* The effect of a price change 
in this industry (on the output of linked industries) would have to be 
followed through successive rounds.? For a group of industries taken 
together Isard and Schooler have attempted to take account of external 
economies by performing an industrial complex analysis.“ Being con- 
cerned with the feasibility of the entire complex and stressing the 
quantification of variables, little attention is paid, however, to 
economies external to the complex. These wider effects could be in- 
vestigated in a growth pole analysis which concerns itself not only 
with developments at the location of the growth centre but also in- 
volves the surrounding 'hinterland'. However, the various obstacles 

1Philip Sargant Florence, Investment, Location and Size of Plant, 
pp. 69, 53,66. Florence's original study is now quite outdated. But 
see also his Post-War Investment, Location and Size of Plant, The Na- 
tional Institute of Economic and Social Research, Occasional Papers 19 
(Cambridge: Cambridge University Press, 1962). 

2Albert O. Hirschman, Strategy, pp. 103-105. 

3Horst Siebert, Regional Economic Growth, p. 126. 

halter Isard and Eugene V. Schooler, Industrial Complex Analysis, 


Agglomeration Economies, and Regional Development", Journal of Regional 
Science, I (Spring 1959); pp. 19-33. 
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to the application of the growth pole approach appear to have 


hampered progress in this direction. 


2.4 Interindustry Linkages 

After briefly discussing transfer economies and external econ- 
omies as locational factors, it is now necessary to relate them to 
interindustry linkages and to indicate in which manner these 
linkages can be utilized as proxy measures for a tendency toward 


agglomeration of industries. 


2.4.1 Locational Aspects of the Division of Labour. As an economy 
develops, a greater degree of specialization and a division of 
functions among industries will substantially increase inter-firm 
transportation of commodities. Spatial separation from complemen- 
tary and auxiliary industries becomes a costly 'luxury', giving rise 
to transport agglomeration as a locational consideration. I 

However, greater specialization does not only lead to agglomer- 
ation via transfer economies; the process of growth and maturation 
of industries is accompanied by a farming out' of functions that 
were all carried out in one firm before.* The resulting technolog- 
ical interdependence of activities carried out in different firms or 
industries may lead to technological and pecuniary externalities of 


the immobile type. As mentioned above, their appropriation requires 


spatial juxtaposition. Both types of agglomeration economies, 


1George Stigler, "The Division of Labor", p. 158. 
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transfer economies and external economies, can thus be viewed as a 
result of specialization and division of labour--the result of the 


development of the economy. 


2.4.2 Reflection in Input-Output Table. Interindustry linkages can 
be computed from a square, i.e. interindustry, input-output table. 
Such a table shows, in matrix form, the values of commodity flows be- 
tween producers and users. Linkages are coefficients that relate 
the size of particular input (output) flow to the total size of the 
input (output) flow of an industry. While a more detailed discussion 
of interindustry analysis, as it relates to this study, and of var- 
ious linkage measures may be found below, it is sufficient to point 
out here that linkages are percentage figures that give an indica- 
tion of the relative magnitude of a commodity flow between two 
industries either as a proportion of total inputs of the purchasing 
industry (backward linkage) or as a proportion of the total output 
of the producing industry (forward linkage). These linkages will 
exist only in a developed economy where division of labour has led 
to an abandoning of certain functions and the establishment of new, 
specialized industries that are structurally related to the original 
industry. Linkages are thus numbers which indicate the existence of 


multi-faceted interdependencies in an economic system. 


2.4.3 Linkages, Transportation, Agglomeration. While input-output 
linkages express structural relationships between industries and 
thus indicate the channels along which we can expect immobile ex- 


ternal economies to flow, their primary locational significance 
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appears to derive from the fact that the existence of strong linkages 
implies large flows of inputs or outputs and thus, with some quali- 
fications, high transfer costs. High transfer costs mean great 
advantages from agglomeration. A direct, systematic relationship 
between industrial linkages and the locations of the linked industries 
would establish these linkages as locational factors, or more pre- 


cisely, as agglomerative locational factors. 


2.4.4 Assessment of Importance. Dealing with interdependencies in 
the locational decisions of firms in a theoretical context, Koopmans 
has pointed out that . .. there is no doubt about the existence and 
importance of transportation cost or of intermediate commodities.''! 
As the empirical test of this statement is the subject of the sub- 
sequent analysis, an assessment of the importance of linkages as 
agglomeration economies will have to await the results of the tests. 
However, in the survey of the literature below the findings of 


of other studies on linkages and location are reported and discussed. 


1Tjalling C. Koopmans, Three Essays, p. 154. 
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* EMPIRICAL FOUNDATIONS OF THE ANALYSIS 


This chapter falls into four major parts: a characterization 
and discussion of the data, a discussion of the measures of linkage 
and spatial concentration, an outline of the methodology employed 
in the analysis, and a brief survey of the literature on agglomer- 


ation in general and linkages and agglomeration in particular. 
5S.) interindustry Data 


3.1.1 Data Source and Comments on Data. The interindustry data used 
in this study are based on the published 1961 input-output tables for 
the Canadian economy.! The 1961 input-output tables differ from 
conventional interindustry models in that a dual classification of 
inputs and outputs according to industry and commodity is employed. 2 
Moreover, the one-to-one correspondence between an industry and its 
principal product has been abandoned, allowing for more than one 
characteristic product for each industry. Hence the basic trans- 


action matrices, listing intermediate commodity inputs into industries 


canada, Dominion Bureau of Statistics, The Input-Output 
Structure of the Canadian Economy, 1961, Vols. 1 and 2 (Ottawa: The 
Queen's Printer, 1969). 


2These remarks are based on Canada, D.B.S., The Input-Output 
SIGE UL Cig V Obie lis oD) se aos 
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and industries' intermediate outputs of commodities, and the coef- 
ficient tables derived from them, are rectangular rather than square, 
the number of commodities exceeding the number of industries. In- 
puts and outputs of the various industries are shown in separate 
tables. This arrangement, advantageous for many analytical uses of 
the tables,! has some technical implications for this study. 

The calculation of linkage coefficients requires, as a starting 
point, an interindustry flow matrix. The procedure for obtaining 
this matrix will be outlined after a discussion of the industry and 
commodity classifications used and of the importance of the aggre- 


gation level. 


3.1.2 The Degree of Aggregation. The input-output industrial class- 
ification at the worksheet detail IOIC-W, is an aggregation on the 
basis of the Canadian Standard Industrial Classification (Ser 
There are 187 input-output industries at the level of detail of 
IOIC-W; many of them correspond to "three-digit" and ''four-digit" 

8. I. C. industries while others are aggregations of S. I. C. industries. 
From the worksheet detail industries were further aggregated into 
IOIC-L (110 industries), IOIC-M (65 industries), and IOIC-S (16 
industries; for these classifications certain tables have been pub- 


lished. 


1See Canada, D. B. S., The Input-Output Structure, Vol. 1, chapt. 
3 and App. B. 


2See Canada, D.B.S., Standard Industrial Classification Manual 
(Ottawa: The Queen's Printer, 1960), Cat. No. 12-501 and Canada, 
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With few except ions the input-output commodity classification 
at the worksheet detail, IOCC-W, represents an aggregation of com- 
modities from the Standard Commodity Classification. Commodities 
are also classified according to the Import Commodity Classification 
and the Export Commodity Classification.! The input-output commodity 
classification number consists of a sequential listing of the com- 
modities; each commodity number is preceded by the number of the 
principal producing industry.? Since a commodity may be produced by 
more than one industry, a grouping of commodities may not correspond 
to any one particular industry. From the detail of IOCC-W commodities 
were further aggregated into IOCC-L (197 commodity groups), IOCC-M 
(65 commodity groups), and IOCC-S (40 coumod tty groups). 

In this study the industry detail of IOIC-L, i.e. 110 industries, 
is used. The reasons for this choice are threefold; firstly, this 
aggregation is the one with the largest industrial detail for which 
published tables are available or obtainable; secondly, it is the 
smallest aggregation that can be made to conform with the geographical 
data discussed below; thirdly, and most importantly, it still shows 
industries as relatively homogenous bodies which is important--if not 
imperative--in linkage analysis, especially when the industrial data 
are to be combined with geographical data for the purpose of a loca- 
tional study. Greater aggregation leads to heterogeneous industry 

lSee Canada, D. B. S., Standard Commodity Classification Manual 
(Ottawa: The Queen's Printer, 1959), Cat. No. 12-515, Canada D, B. S., 
Import Commodity Classification (Ottawa: The Queen's Printer, 1964), 


Cat. No. 12-524, Canada, D.B.S., Export Commodity Classification 
Ottawa: The Queen's Printer, 1961), Cat. No. 12-521. 


2See Canada, D.B.S., The Input-Output Structure, pp. 119-120. 
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groups or sectors with the result that interindustry linkages 

may be created or eliminated merely by virtue of pooling inter- 
mediate commodity flows.! This clearly would be an undesirable 
Situation. The greater the degree of aggregation the less meaning- 
ful will be any statements on the agglomerative effect of inter- 
industry linkages. 

The analyst must also be aware of the fact that both backward 
and forward linkages are affected by the degree of aggregation. 

This applies particularly to linkages emanating from primary in- 
dustries and having their destination in the manufacturing sector, 
or vice versa. Especially forward linkages may be distorted early 
in the production sequence since the industrial detail of any input- 
output table typically increases from the early to the late stages 
of production. 

Thus a forward linkage from,say, a primary industry to a second- 
ary-manufacturing industry may disappear when this latter industry is 
split into two in a way that also divides the commodity flow into 
equal parts. Neither flow may then be of the required size relative 
to the total output of the primary industry to constitute a linkage. 
The increase in the number of industries will not usually compensate 
for the disaggregation.* While this problem is inherent in the data, 

IE. g., for industries i, j, k, 1: Linkage eliminated: i just has 
forwardelinkages(f).to k, jphasgno & tok), (ass) ehasancetatoen; 
tinkagevestavliasneds r £ to 1, but 1 has’ ft to 
(k+1). 

2A backward linkage (b) or a forward linkage (f) may be defined 
to exist if b, f > 1/n, where n is the number of industries in the 


input-output table. See the discussion of linkage measures for more 
detail. 
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it is not as serious here because this study, for reasons explained 
below, confines itself to linkage relationships within the manu- 
facturing sector. 

While it is beyond the scope of this study to treat problems of 
aggregation in detail, it may be pointed out that the degree of 
aggregation greatly affects the accuracy of an input-output analysis. 

"The hypothesis that the inputs of industries will be pro- 

portional to their outputs irrespective of the commodity 
composition of these outputs becomes less tenable as the 
definition of industries broadens. When industries are 
defined narrowly so that each produces only a few commod- 
ities which have similar input structures the industry 
technology assumption is more justifiable. 1 
These remarks apply not only to one of the fundamental assumptions of 
input-output, the invariability of the technological input coefficients, 


but also to other coefficients that can be computed from the basic 


transaction matrix. 


3.1.3 The Interindustry Transaction Matrix. In order to show how the 
basic interindustry flow matrix was obtained, it is necessary to make 
a few remarks about the 1961 Canadian input-output model. Since the 
Canadian input-output publications contain an excellent and detailed 
outline of the input-output models the discussion here may be kept 


quite brief.2 The D.B.S. notation will be used. 3 As was noted above 


Icanada, D.B.S., The Input-Output Structure, Vol. 1., p. 95. 


2The following discussion is based on Canada, D.B.S., The Input - 
Output Structure, Vol. I, Appendix A which provides a detailed account 
of the 1961 Canadian input-output framework. 


3For a list of symbols see Canada, D.B.S., The Input-Output Struc- 
ture, Vol. I, pp. 157-164. See also the remarks on p. 134. 
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in Section 3.1.1, the 1961 input-output model differs in several re- 
spects from the conventional interindustry framework. 1 Parallels 
between the two frameworks will be pointed out. 

Leaving aside the assumption which rules out externalities the 
two fundamental assumptions of Leontief models are: 

(1) Each commodtty (or group of commodities) is supplied 

by a single industry or sector of production. Corol- 

laries of this assumption are (a) that only one method 

is used for producing each group of commodities; and 

(b) that each sector has only a single primary out- 

put. 

(2) The tnputs purchased by each sector are a funetton 

only of the level of output of that sector. (The 

stronger assumption is usually made that the input 

function is linear, but this is a matter of conven- 

1ence.) 2 
The adoption in the Canadian model of the dual classification indus- 
tries/commodities results in abandonment of the first assumption above. 
Not only may a certain commodity be supplied by several industries 
using different technologies, but each industry may have more than one 
principal product or output. The second assumption above has a direct 
parallel in the Canadian input-output model; this will become clear 
after the following discussion. 

The basic 1961 input-output model involves two fundamental assump- 
tions: the market share assumption and the industry technology assump- 
tion. The market share assumption, which may be given mathematical 
expression as 

IA description of the conventional Leontief model may be found, for 
example, in Hollis B. Chenery and Paul G. Clark, Interindustry Economics, 


Sap 2 


2Hollis B. Chenery and Paul 6. Clark, Inter industry Economics, pp. 
33-34. 
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where!: g - column vector of total industry outputs classified 
by industry 


q - column vector of total commodity outputs classi- 
fied by commodity 


V matrix containing the outputs of industries class- 
ified by industry (rows) and by commodity (columns) 


D - market share matrix of domestic production obtained 
by dividing each element in a column of the output 


matrix V by the corresponding total commodity out- 
e 


o (J), 


allocates the production of commodities among industries ( indi- 
cates a diagonal matrix). This assumption states that industries will 
preserve their observed share of the market for each commodity at any 
level of commodity production. The industry technology assumption, 


which may be expressed mathematically as 


(352) U1 = Ba 
where: ij - column vector all of whose elements are equal to 
one 


U - matrix containing the intermediate inputs of 
industries classified by commodity (rows) and by 
industry (columns) 


ISee Appendix 1 for a complete list and definition of symbols 
used in this study. The above symbols have been defined in Canada, 


D.B.S., The Input-Output Structure, Vol. 1, pp. 157-164; a diagram of 


the interindustry framework may be found on p. 136 of this volume, 
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B - technology matrix containing the intermediate in- 
put coefficients of industries obtained by divid- 
ing each element in a column of matrix U by the 
corresponding total industry output, i.e. 


specifies the production functions of industries. This form of pro- 
duction function states that "the values of commodity inputs of each 
industry are fixed proportions of the value of the total output of the 


industry and are thus independent of the composition of this output. “1 


It should be noted that a combination of the industry technology assump- 


tion and a modified version of the market share assumption are equiv- 
alent to the conventional assumption in interindustry models which 
states that the flows from producing industries are proportional to the 
levels of output of the purchasing industries. 2 

A modification of the market share assumption is required because 
interindustry models assume that industries and imports will retain 
their share of the market for each commodity sold to each industry and 
each category of final demand while the market share assumption of the 
1961 model states that industries and imports will preserve their over- 
all share of the market for each commodity.3 This latter assumption 
appears to be much more flexible and realistic. 


By combining the above equations with the accounting balance be- 


tween commodity production and intermediate plus final demand less 


canada, D.B.S., The Input-Output Structure, Vol. 1, p. 137. 
2Ibid. , p. 146. 


Arpad ß 147. 
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imports, the basic input-output models may be defined.! The account- 


ing equation may be written as 


(3.3) @ = Bogtae 


where: q - column vector of commodity outputs 
B - technology matrix 
g - column vector of industry outputs 
e - column vector containing total final demand for 


competing commodities classified by commodity, less 
competing imports classified by commodity. 


Substitution of (3.1) into (3.3) yields 


(324) 9a = BDqg + e 


which states that total commodity output is equal to intermediate com- 
modity use plus final demand commodity use. The matrix product BD may 
be termed the direct intercommodity coefficient matrix in analogy to 
the matrix of direct interindustry input coefficients. Coefficients 

of BD specify commodity inputs per unit of commodity output. The di- 
mensions of this square matrix are thus equal to the number of com- 
modities (e.g. 197 x 197 for Aggregation L). By contrast, the matrix 
of direct interindustry input coefficients would have the dimensions of 
the number of industries (e.g. 110 x 110 for Aggregation L); this would 


1·or further detail see Canada, D. B. S., The Input-Output Structure, 
Volg pad 1385 
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be the matrix product DB. 


Modification of (3.4) yields the following expressions 


q - Bbq =e 
q(I.- BD) =e 
and finally 
5 q= (1 - BD) le 


which may be called the commodity input-output model. To obtain the 
industry input-output model (3.5) may be substituted into (3.1) to 


yield 

3.6 g = D(I - so) le 

Or, alternatively, by substituting (3.5) into (3.1) 
5a g = (I - os) lde. 


Having provided the basic assumptions and equations of the 1961 input- 
output model it is now necessary for the purpose of this study to pro- 
ceed to an endogenous treatment of competing imports.! This is desir- 

Igor a more detailed treatment of competing imports in the input- 


output model see Canada, D. B. S., The Input-Output Structure, Vol. 1, 
pp. 141-144. 
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able because it makes the interindustry flow table and the coefficient 
matrix comparable to those of other studies and to the 1949 Canadian 
interindustry transaction matrix X and the direct coefficient matrix A. 
The endogenous treatment of competing imports in the 1961 model in- 
volves an extension of the market share assumption to competing im- 
ports, i.e. the imports of competing commodities will constitute a 


fixed proportion of the total supply of each commodity; mathematically, 
(3.7) m= ( + m) 


where: m - column vector of competing imports classified 
by commodity 


ii - diagonal matrix of coefficients indicating 
the ratio of total imports to total supply 
for each 

and the vector sum (q + m) denoting the total supply of commodities. 


The incorporation of (3.7) into the model formed by (3.1) and (3.3) 


results in the interindustry model 
(348), 9 [I DB- |p*ex 


where: D*= D(I - u) 
e*= e+ m. 
In this model the market share matrix is D* = D(I- H) which expresses 
the market share of industries as a proportion of the total supply of 


each commodity rather than as a proportion of the domestic production 
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of each commodity, i.e. import leakages are built into the market 
share matrix. 
It may be pointed out that model (3.8) is comparable with the 


conventional input-output model 


Comparable to the interindustry transaction matrix X is thus the 
matrix product D*U (where U is the matrix of intermediate inputs of 
industries classified by commodity and by industry) and D*B is equiva- 
lent to the interindustry matrix of direct input coefficients A.! 
These matrices had to be obtained as the starting point for the purpose 
of this study. 

For Aggregation L the published tables include the matrices U and 
B. Matrices D* or D and ji are not published because of confidential- 
ity requirements. However, the matrix products D*U and D*B were made 
available by Statistics Canada.? They form the basic interindustry 


Gata, 


1p*e* becomes the final demand vector of a dimension equal to the 
number of industries. 


2The matrix products were made available in magnetic tape form by 
Mr. C. Gaston, Input-Output Research and Development, Statistics Canada, 
Ottawa in November 1971. 
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3.2 Spatial Data 


3.2.1 Data Source and Comments on Data. The spatial information is 
supplied by data derived from the Census of Canada, 1961.1 Inter- 
industry data and spatial data are thus based on the same year. The 
data show the number of employed, i.e. labour force fifteen years of 
age and over,* by three-digit S. I. C. industries for Census Metro- 
politan Areas (CMAs) in Canada. The employment figures, as all 1961 
Census data, are based on the place of residence rather than the place 
of employment. As this study is concerned with the latter, i.e. the 
location of the firm, which is not necessarily coincident with the 
placerofiresidencesom the. employed, a bias might be introduced into 
the analysis. The choice of areal units, however, mitigates the 
problem; this issue will be discussed further below. The employment 
data thus are taken to express the magnitude of an industry's opera- 
tion in a particular geographical area. It should be noted that, to 
the extent that regional differences in productivity exist, employ- 
ment data will not accurately reflect an industry's capacity or value 
added. It is assumed that this problem will not seriously affect the 


resul tsrort thises tudy: 
3.2.2 Types of Regions. The regions include the eighteen Canadian 


ICanada, D. B. S., Census of Canada, 1961: Labour Force: Indus- 
riss eon n bert Car No. -i 


2This excludes a few persons seeking work who have never been 
employed. 
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Census Metropolitan Areas.! Except for two areas their population is 
well over 100,000. While minute in area compared to the rest of the 
settled part of Canada, they contain almost half of the total Canadian 
population (45.83 per cent). Their share of manufacturing employment 
is even larger: almost sixty per cent of all Canadian manufacturing 
is located in these centres (58.45 per cent). Clearly, manufacturing 
industries are concentrated in these urban regions and a study of 
agglomeration must be primarily a study of these areas. 

The spatial extent of the study areas themselves is disregarded 
and a location of two industries in the same CMA is considered to be 
a location at the same point. The industries are then said to be 
geographically associated. 

The detrimental effect of the aforementioned divergence between 
place of residence and location is minimized in this study. For con- 
trary to the boundaries of municipalities or counties which are deter- 
mined by political jurisdictions, the boundaries of CMAs are drawn 


according to economic criteria. 2 


Theoretically two possible biases 
could result. Firstly, two linked industries i and j may be located 
in the same area; the employees of i also live in the area while 
those of j do not. Analysis would show i and j not to be geographic- 
ally associated while in reality they are. Secondly, the employees 
of both i and j live in the area but j is located outside the area. 
ISee Table 2, p. 53; there are a number of M.U.A.s with a popu- 
lation of over 100,000 but the required industrial detail is not avail- 
able for these urban centres. 
2See Canada, D.B.S., Census of Canada, 1961: Population: Int ro- 


ductory Report to Volume I (Part 1), Vol. I, Part 1, Cat. No. 92-540, 
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TABLE 2 


POPULATION AND MANUFACTURING EMPLOYMENT DATA 


FOR CENSUS METROPOLITAN AREAS , 1961° 


Population as 


Manuf. Empl. 


Census Percentage of as Percentage 
Metropolitan Total Cdn. Manufacturing of Total Cdn. 

Area Population Pop. Employment Manuf. Empl. 
Calgary 279, 062 ebe 13,065 0.93 
Edmonton 337358 8 17,574 2 
Hamilton 395,189 gold 61,035 4.34 
London 131285 0.99 13,528 1 
Montreal 2,109,509 A 254,697 18 19 
Ottawa 429,750 2.50 17,845 12 
Quebec 5575508 11 98 23,780 eGo 
Regina 112,141 0.61 47 35 9 
Toronto 1,824,481 10.00 233,681 16.61 
Vancouver 790,165 4.33 Si Gio 4.09 
Windsor 193.5505 1.06 24,597 res 
Winnipeg 475,989 DSN 38,439 avs 
Halifax 183,946 LO 74,720 0.53 
Kitchener 154,864 0.85 29,343 2.09 
St. John's 90,838 0.50 2,808 OE 20 
Saint John 9 0,52 6,744 0.48 
Sudbury 110,694 0.61 4,998 0. 36 
Victoria n Ones 6,412 0.42 
Total n 45.83 890, 328 58.45 
calculated from e Canada. 196) a Lavour 
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Force: Industries, Vol. III, Part 2, Cat. No. 94-519; Canada, D.B.S., 


Census of Canada, 1961: Population: Geographical Distributions, Vol. 
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The result would show the linked industries to be geographically 
associated while in reality they are not. Casual observation would 
suggest that the former case is more important; it would result in a 
conservative bias, i.e. in an understatement of the relationship be- 
tween interindustry linkages and the location of industries. This 
is preferable to the opposite case which would involve an over- 
statement of the results. Moreover, the boundary considerations for 
metro areas suggest that the problem would be of little importance. 


It will therefore subsequently be ignored. 


3.2.3 Comparability of Aggregations. The industrial detail of the 
Census material for CMAs is greater than that of IOIC-L. As the 
industrial breakdown in the Census is also based on the Standard 
Industrial Classification, it was possible to aggregate Census data 
further and arrive at an industrial detail equivalent to Aggregation 

L with 110 industries, 86 of which are manufacturing industries.! The 
Census category "Industry unspecified or undefined" was ignored for 


the purpose of this study. 


3.2.4 Alternatives to the Use of Employment Data. The selection of 
the variable that will measure the phenomenon to be investigated is 
an issue requiring brief discussion. The magnitude to be measured is 
the volume of manufacturing in the various industries. Given two 
linked industries, it is this volume which determines the interindus- 


try flow of commodities between them. 


See Appendix 2 for a comparison of industrial classifications. 
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From the above it is obvious that the 'number of persons 
employed" by the various industries has been chosen as the variable. 
An alternative variable, judged superior by some authors,! is the 
"value added in manufacturing“. It may be argued that value added 
is a variable more directly associated with the phenomenon under 
investigation. However, as is so often the case in social sciences, 
also here data availability forces adoption of the second-best 
variable.* This is not a serious matter because studies have shown 
a high degree of correlation between "number of workers employed"! 
and "value added“. 3 This result is reinforced by Fuchs who found-- 
studying the importance of manufacturing among industries and geo- 
graphical areas in a somewhat different context--that both variables 
correctly indicated the locational changes that had occurred.“ 

A final variable to be mentioned is the number of firms. This 
variable must be disqualified on two grounds: firstly, no sufficient 
data are available; secondly, and more fundamentally, the mere 
number of firms does not reflect great variations in the size of the 
firms and is therefore not a suitable measure for the volume of 
manufacturing. 

Ivictor R. Fuchs, "Changes in the Location of U.S. Manufacturing 
Since 1929," Journal of Regional Science, Vol. I, No. 2 Spring 1959) p. 4. 

2Canada, D.B.S., The Manufacturing Industries of Canada, 1961: Geo- 
graphical Distribution (Ottawa: The Queen's Printer, 1964), Cat. No. 31- 
209 and Canada, D.B.S., General Review of the Manufacturing Industries 
of Canada, 1961 (Ottawa: The Queen's Printer, 1965);(Cats Nos 31-201. 

3See Harold H. McCarty, John C. Hook, and Duane S. Knos, The 
Measurement of Association in D Geography (Iowa City: State 
University of Iowa, n.d.), p. 


“Victor R. Fuchs, "U.S. Manufacturing", Table 6. 
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3.2.5 The Matrix of Employment Figures. Compilation of the employ- 
ment data by industry (rows) and geographical areas (columns) yields 
the matrix of spatial data L of the dimension 86 x 18 with the typical 
element hers denoting the employment in industry i in region k. A 
row sum, i.e. summing over the columns, gives the total employment 


in industry i, where Li. = A column sum shows total manu- 


Dears 
1 
facturing employment in region k, where 235 = hay. L is the basic 

i 
matrix for the calculation of measures of spatial association between 


manufacturing industries. 


3.3 Measures of Industrial Linkage 
In this section a number of linkage coefficients will be dis- 
cussed and some properties of the linkage measure adopted will be 


indicated. 


3.3.1 Types of Linkage Measures. On the basis of an interindustry 
transaction matrix, or on the basis of matrices derived from it, 
indices may be devised that measure the strength of the relationship 
between one industry and one or more other industries. 

Constructing the linkage concept in an economic development con- 
text Hirschman has defined backward and forward linkage effects as 


follows: 


1. The input-provision, derived demand, or baekward ltnk- 
age effects, i.e. every nonprimary activity, will induce 
attempts to supply through domestic production the inputs 
needed in that activity. 

2. The output-utilization or forward linkage effects, i.e., 
every activity that does not by its nature cater exclusively 
to final demands, will induce attempts to utilize its out- 
puts as inputs in some new activities. 1 


Albert O0. Hirschman, Strategy, p. 100. 
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These linkage effects have been given quantitative expression by 
Chenery and Watanabe in a comparative study that sought to determine 
how the various sectors "scored" with regard to the development 
stimulus (via linkage effects) that can be expected from them.! The 
backward linkage of industry j may be defined as 


U. ne. 

. 

907 505 
j j 


and the forward linkage of industry i as 


71 . 
W. . 
1 Le Z. 
1 it 
where: U; - total use by industry j of inputs purchased from other 


industries (i.e. column sum j of flow matrix) 
X. - total production by industry j; 3 = ke +r ee where de 
Is, tnhescOtal Of primary Inputs, ox, Value aaded,,.01 7. 
- interindustry flow from industry i to industry j, with 
Lee ee ees aectarge Tl 
W. - total use by other industries of the output of industry 
i (i.e. row sum i of flow matrix) 
Z. - total supply of commodity i; for imports M and final 
demand Y, 21 = W; + oe 


Thus 5 shows the extent to which industry j draws directly on the 


system by relating the sum of inputs purchased by industry j from all 


lHollis B. Chenery and Tsunehiko Watanabe, "International 
Comparisons of the Structure of Product ion“, Econometrica, Vol. 26, 
NOe 4 UCL ae L0G) yn 402. 


2For a more detailed interindustry accounting system see Hollis 
B. Chenery and Paul G. Clark, Interindustry Economics (New York: 
John Wiley & Sons, Inc.), pp. 14 ff. 
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other industries (including itself) to the total value of inputs. 
Thegcoet fa.cient We indicates the importance of industry i to the 
system of industries by expressing the proportion of the total supply 
of commodity i that constitutes sales to other industries (including 
industry i itself). These indices reflect only direct relationships 
between one industry and its linked industries. 

A more complex set of linkage coefficients has been developed by 
Rasmussen.! These are the "power of dispersion" (analogous to back- 
ward linkage) and ''sensitivity of dispersion" (corresponding to for- 
ward linkage). But instead of being based on the transaction matrix 
X, they are based on, respectively, the column and row sums of the 
inverse of the direct and indirect 9 matrix hee Both 
indices are expressed in the form of normalized averages in order to 
make them suitable for interindustry comparisons. A power of disper- 
sion coefficient 5 > 1 indicates then that industry j draws heavily 
on the system, both directly and indirectly. A sensitivity of dis- 
persion coefficient 81 > 1 shows that the output of industry i will 
have to be increased more than that of other industries in response 
to an increase in demand for the product of any industry. It has been 
shown that there is a high degree of coincidence in the presence of 
5 and U on the one hand and of Ww and 81 on the other hand. 2 

lThese remarks are based on Paul N. Rasmussen, Studies in Inter- 
sectoral Relations (Amsterdam: North Holland Publishing Company, 
1957)%5 pp 133-140. 


2See Dimitri Sakellariou, "Industrial Linkages: A Case Study" 
(unpublished Ph.D. dissertation, University of Alberta, 1972), p. 95. 
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It will be noted that both sets of linkage coefficients are 
summary measures, relating one industry to all of its linked indus- 
tries. They are, as it were, multilateral indices which conceal the 
strength of the technological links between any pair of industries. 
The summation of the interindustry flows, while perhaps establishing 
an industry as a key industry, destroys detailed information on the 
nature of the relationship between any two industries; it is this 
information that is of locational significance. Needed then is a set 
of bilateral linkage coefficients. 

Following a suggestion by Leontief,! an industry j may be con- 
sidered to have a backward or supply linkage to industry i if, in an 
input-output table of size n x n, the purchase of intermediate inputs 
of j from i are at least 1/n of the total inputs of J. Correspond- 
ingly, industry j may be said to have a forward or demand linkage to 
industry k if, in an input-output table of dimension n x n, the sales 
of j to k are equal to or larger than 1/n of the total output of j. 
Given the 110 industries in the Canadian input-output table, two 
industries are considered to be linked if the linkage coefficient is 
at least 0.0091 bij 115 > 0.0091), i.e. industry j has a backward 
linkage to industry i if it buys at least .91 per cent of its inter- 
mediate inputs from i; it has a forward linkage to i if it sells at 
least .91 per cent of its output to industry i. While the basic idea 
of Leontief's proposal is retained, a modification is made with regard 


to the Bezugs grösse“, i. e., the denominator, in the definition of the 


lWassily beontiet, "The Structure of the U.S. Economy", in 


Wassily Leontief Input-Output Economics, p. 163. 
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backward linkage. In order not to have this coefficient distorted by 
peculiarities in the primary input field, e.g. extremely high or 

low labour intensity, the denominator chosen is the sum of all inter- 
mediate inputs ee rather than total of all inputs 3. The backward 


linkage coefficient of industry j to industry i may then be defined as 


As the forward linkage coefficient addresses itself to the importance 
of an interindustry flow in the disposition of total output, including 
final demand, the forward linkage of industry j to industry k is 


expressed as 


These two indices, used to measure interindustry linkages in 
this study, may be briefly contrasted with two other types of bilat- 
eralelinkage coectricients. | Richter adopted coefiiczentsethat relate 
the size of an interindustry flow to gross inputs or gross outputs. 2 
In fact, these coefficients are simply the direct input coefficients 
and the percentage figures showing the distribution of gross output. ? 

Irhis adjustment was also made by Manfred E. Streit, Uber die 
Bedentung des räumlichen Verbunds im Bereich der Industrie (K&1n: 
Carl Heymanns, Vertag K.G. 1967), p. 48. 

2See Charles E. Richter, "The Impact of Industrial Linkages on 
Geographic Association" (unpublished Ph.D. dissertation, University 
Bie eee 908) ee Lo eands 22. 

3See Morris R. Goldman, Martin L Marimont, and Beatric N. 


Vaccara, The Interindustry Structure of the United States", Survey 
of Current Business, XLIV, (Nov. 1964), Tables 1 and 2. 
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This approach is judged less preferable on a number of grounds. 
Firstly, both backward and forward linkages are affected by not having 
imports treated endogenously, i.e. by not having import leakages built 
into the input-output matrix; this may seriously distort the coeffi- 
cients for industries with high import shares. Secondly, the back- 
ward linkage coefficients, being the same as the direct input coef- 
ficients, are related to © rather than nies This leaves them open, 
as was mentioned above, to unpredictable distortions due to industrial 
differences in the relative size of primary input items, e.g. wages 
and salaries, taxes and subsidies, profits, etc. These influences 
may greatly impair interindustrial comparability of the coefficients. 
It would appear preferable to express the linkage measures in a 
manner which confines their component parts to magnitudes that have 
Significance as locational factors and attempt to exclude as many 
non-relevant influences as possible. The coefficients adopted for 
this study meet these requirements. 

A final linkage coefficient to be mentioned is the one used by 
Streit.! This is a symmetric bilateral coefficient that may be 


written as 


* 99 e 
e eee ee 
13 4 9j 61 X; x 


It was adopted in order to parallel the symmetric coefficient measur- 
ing geographic association (to be discussed below). This type of 
weighting is of course very arbitrary and it is not altogether clear 


what impact it may have on the summary values of Sij> given various 


IManfred E. Streit, Verbunds; p. 49. 
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combinations of backward and forward individual linkage values. In 
any case, the weighting will alter and conceal the true magnitude of 


each individual linkage relation. 


3.3.2 Some Comments on Properties of the Linkage Measures. A number 
of remarks on linkage properties were made above. These related to 
the meaning of linkage coefficients and the effects on them of aggreg- 
ation.! The final part of Section 3.1.2 alluded to the invariance 

of input coefficients under scale changes due to the specialized 
fundamental input-output technology assumption. The invariability 
also extends to the backward linkage coefficients Mie This means 
that if a commodity flow sig increases because of a scale change in 
industry j, industry i will appear as having a stronger forward link- 
age 71; to industry j while the strength of the supply linkage rela- 
tion appears unchanged; it is solely determined by the production 
function. The increase in 1 can be effected by industry i in two 
ways: firstly, industry i raises its output and sells the additional 
output to j and/or secondly, industry i, keeping its output constant, 
sells more to i and less to its other customers. Static input-output 
assumptions allow, cet. par., only for the first possiblity. The 
point to be noted is that an increase in ae Taises the relativersice 
of this flow for industry i, cet. par. This change should be, and is, 
reflected in an increase in the forward linkage. The scale change in 
industry j, however, leaves the relative magnitudes of its various 
input flows undisturbed. There is thus no reason for the value of 


De. to change, 
19 


Isee Sections 2.4.2 and 3. 1. 2 resp. 
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Two points must be made regarding the accuracy with which link- 
age coefficients can express the locational importance of particular 


commodity flows.1 


First, since the entries in the transaction matrix 
are expressed in value terms rather than in terms of weight or volume, 
the linkage measure may misrepresent the agglomerative importance 

of any flow of commodities that differs with respect to its ease of 
transportation from an average“ or standard! commodity. Under- 
estimation will occur in the case of weight-losing materials, low- 
value commodities, and bulky or fragile goods requiring relatively 
high transportation costs. On the contrary, agglomerative tendencies 
may be overestimated in the case of light-weight, compact, or high- 
value commodities. Second, it may be possible that a comparatively 
weak link of an industry seems to exert a much greater locational 
pull than that industry's stronger linkages. The reason may be found 
in certain characteristics of the production technology that require 
spatial proximity without primary regard to the value flow of com- 
modities. This may be the case for satellite industries in a petro- 
chemical complex. These problems were not judged to be serious for 
the purpose of this study. In any case, they could not be avoided 


because their solution would require consideration in the analysis of 


Ichese remarks are based on Manfred E. Streit, Verbunds, pp. 50-51. 


2See Manfred E. Streit, Spatial Associations and Economic Link- 
ages Between Industries", Journal of Regional Science, Vol. 9, No. 2 
(Augusta 19890 Pp. 179. 
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transport input data! and of data on the transport sensitivity of 


industries. Such data do not exist. 


3. 3.3 Restriction of Analysis to Manufacturing Industries. The 
analysis of the impact of input-output linkages on the agglomeration 
of industries had to be restricted to manufacturing industries. The 
primary sector was excluded because the location of its industries is 
pre-determined--industries are perfectly immobile and their location 
is tied to the source or location of the natural resource. 

While the location of service industries is not fixed by physical 
necessity, aS is the case for agricultural or mining activities, 
their location may be considered pre-determined because of economic 
factors. Compared with primary and secondary industries, the physical 
input-output flows of tertiary industries are very small? and inter- 
industry linkages will be of little locational significance for them. 
These industries are strongly market- or population-oriented. To- 
gether with the construction industry the tertiary sector was excluded 


from the analysis. Dummy industries were, for obvious reasons, ignored. 


3.4 Measures of Spatial Association of Industries 
After a brief description of an alternative measure of spatial 
association the measure adopted, and statistical issues connected with 


it, will be discussed in greater detail. 


1published input-output data on transportation costs cannot be 
used because they merely reflect, in aggregated form, the actual trans- 
portation costs incurred by the various industries during a particular 
year in the production process. They do not provide any information on 
the transportation characteristics of commodities or the transport 
sensitivity of industries. 


2See Canada, D.B.S., The Input-Output Structure, Vol. 1, pp. 264- 
ZOOS 
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3.4.1 Types of Spatial Measures. While a great number of coef- 
ficients have been designed to measure the geographic distribution 
of economic activities,! the only possible alternative to the measure 
adopted here is the coefficient of geographic association. 

The coefficient of geographic association (g) was developed by 
P. Sargant Florence in 1939 and applied in industrial location studies 
by Florence as well as by other authors.? The coefficient of geo- 
graphic association, intended to show the locational closeness between 


pairs of industries, may be calculated as 


cin of ane wok d 7 0 
k 
Rey he 
where: d, = “tes the ditterence 1 .en lLoymenc 
k rg. mL. 
k ik k jk 


proportions for industries 1 and j in region 
F 
Lik - employment in industry i in region k 


Rik employment in industry j in region K. 


The range of the coefficient of geographical association is 

O <g.. <1, with 0 indicating complete absence of association and 1 
indicating perfect association. There are various ways of stating 
this coefficient, resulting in differences in ranges and possible 


ISee Walter Isard, Methods of Regional Analysis: an Introduction 
to Regional Science (Cambridge, Mass: M. I. T. Press, 1960), pp. 249ff. 


2Political and Economic Planning, Report on the Location of 
Industry (London: Political and Economic Planning, 1939), pp. 292-293; 
Florence's study will be commented on in the review of the literature 


below. This coefficient will not be employed here. 
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reversal of the maximum value to zero; the essential feature, however, 
the comparison of the percentage distributions of employment by 
regions for pairs of industries, is common to all. 

McCarty, Hook, and Knos, in a thorough study on the measurement 
of geographic association, advanced several criticisms of the coef- 
ficient of geographic association.! First, this coefficient neither 
measures the extent to which the employment proportions vary together 
nor does it indicate the degree of association between them. 

"Contrary to its name, the coefficient of geographic 

association does not measure association as such; it is 

simply a value which indicates the reciprocal of that 

portion of one variable which would have to be moved 

across statistical unit boundaries in order to make its 

distribution identical with that of the other variable. 2 
McCarty, Hook, and Knos show that even if two series vary in an 
unsystematic manner, a high coefficient may be obtained. Second, 
while the value of the coefficient should not be affected by differ- 
ences in the absolute sizes of the variable, a higher coefficient can 
in fact be obtained by adding a constant to each variable of one 
series, e.g. to the employment in industry i in all regions. Third, 
the coefficient of geographic association cannot indicate inverse 
relationships between the two series. Finally, fourth, the authors 
list an objection raised by Kendall.? He pointed out that no statist- 

Ihe subsequent discussion is based on Harold H. McCarty, John 
C. Hook, and Duane S. Knos, The Measurement of Association in Indus- 
trial Geography (Iowa City: State University of Iowa, n.d.), pp.31-44. 

aii deme pays Ih 


3See Maurice G. Kendall's comment on Florence's The Selection of 
Industries Suitable for Dispersion into Rural Areas“, Royal Statistical 


Society Journal, Vol. 107 (1944), pp. 93-116. 
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ical inferences could be drawn using g because nothing was known about 
its sampling distribution. A further criticism by Kendall--that any 
value of g could be obtained by shifting the boundaries of regions 
covering a country--should be discounted since such boundaries 
usually remain fixed over long periods of time. McCarty, Hook, and 
Knos conclude that the coefficient of geographic association, while 
performing well under certain circumstances, is definitely inferior 
as a measure of locational closeness and covariability to the Pearson 
product moment coefficient of correlation. 

As noted above, the objective is to measure the extent of 
Spatial association between pairs of industries. The classical tool 
for determining the association between two sets of variables is the 
correlation coefficient. In this study the correlation coefficient 
expresses the locational affinity between pairs of industries by 
measuring the degree of covariability in industry employments! over 
the metro regions. Whenever employment in industry j is large when 
it is large in industry i, and low in j when it is low in i, the 
correlation coefficient will be large and positive. The correlation 
coefficient between industries i and j cole) may be calculated as 

| af meer ee e 


19 ne 2 
„ Fite) thal ete) rs 
K 1K 1 K jk 2 


where: LK - employment in industry i in region k 


1For reasons explained below, employment proportions rather than 
absolute employment figures will be used in the analysis, 
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2 - mean employment in industry i 
15 - employment in industry j in region K 
25 - mean employment in industry 3 
0 F 
L L- covariance between , and 2. 
1 1 J 
99 - standard deviation. 


The range of the correlation coefficient is -1 < hae sue Leewith +1 
indicating complete association, 0 showing no association, and -1l 
expressing complete inverse association. The correlation coefficient 
does not have, at least under favourable circumstances, any of the 
weaknesses connected with the coefficient of geographic association. 
Given the number of regions (m = 18) and the type of data used 
the question of the distribution must be ay for “much of the 
statistical theory concerning the coefficient of correlation is based 
on the assumption that the distributions in the problem are normal."! 
McCarty, Hook, and Knos discuss this issue at length.2 Their con- 
clusion is that practical considerations often point towards proceed- 
ing with the analysis as if distributions were normal, even if the 
distribution curve indicates skewness. The problem is lessened if it 
isspossiple .... CO consider the COefricient OL “correlation only acca 
means of describing the observed associations in the universe immedi- 
ately at hand. 3s This can be achieved if the entire universe enters 


into the calculations. In this study it is, however, desirable to 


IHarold H. McCarty, John C. Hook, and Duane 8. knos, Measure- 
e waive nels 


2Ibid., pp. 21-26. These remarks are based on their discussion. 
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make statistical inferences by submitting the correlation coefficients 
to tests of significance. Any inferences for other areas must be 
drawn very cautiously. The analysis will proceed, then, on the 
assumption that the correlation coefficients measure correctly the 
strength of the locational association between pairs of industries in 


metro areas. 


3.4.2 Some Comments on the Correlation Coefficient as a Measure of 
Spatial Association. It cannot be avoided that the boundaries of 
statistical area units are, from any single aspect, of an arbitrary 
nature. The effect of this arbitrariness on the correlation coef- 
ficients has to be touched upon. To the extent that all industry 
employees within the metro areas are considered in the calculation 
whereas those immediately outside are not, the correlation coeffi- 
cient would tend to understate the degree of spatial association 
between two industries. In principle, the smaller the area units the 
greater will be the chance of cutting through natural commodity flows 
of agglomerated industries. On the other hand, the larger the regions 
the less meaningful will it become to consider locations within that 
region as locations in the same place. The former may be the case 
when county or municipal district data are employed; the latter would 
occur when provinces are used as geographical units. The adoption 
of Census Metropolitan Areas minimizes this problem for these areas 
are, as was noted above, delineated according to economic as well as 
administrative criteria. 

It does not seem possible to make any a priori statements about 


the effect on the correlation coefficients of variations in the level 
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of aggregation. In the rather unlikely event that industry i, to be 
aggregated with industry j, would have the same number of employees 
in every region, the coefficient would be invariant. In general, 
however, the correlation coefficient could change either way depend- 
ing upon the magnitudes of the individual employment figures involved. 
Contrary to the linkage measures the correlation coefficient is 
symmetric, i.e. so = 1 oe The coefficient thus tends to under- 
state the importance of locational proximity in certain cases. For 
example, satellite industries, because of the nature of their economic 
or technological relationships with the 'master industry' may be found 


wherever the master industry is located, but not vice versa.! This 


problem could not be avoided. 


3.4.3 Coefficient Matrices and Statistical Problems. By correlating 
absolute employment figures for pairs of industries over the metro 
regions an 86 x 86 matrix of coefficients is obtained. Excluding 

the diagonal elements this matrix contains 7310 interindustry correla- 
Lion coctiicients aa The coefficients in this matrix were generally 
very large with only a few negative ones. This upward tendency has to 
be expected in cross-section analysis when units of observation of 
substantially different size are considered. In this case the cor- 
relation is artificially increased because, generally, large values of 
the variables will be associated with the large units and small values 
with small units. The expected value of the correlation coefficient 


18e e Albert O. Hirschman, Strategy, p. 102 and Manfred E. Streit, 
Verbunds, pp. 45-46. 
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for non-associated industries will not be zero anymore as it should 
be. The common solution is to eliminate the influence of size by 
selecting an appropriate size variable as a deflator.! This procedure 
may have the undesirable effect of introducing spurious correlation 
into the analysis because now the correlated variables are ratios. 


The implications of correlating ratios have been examined in detail 


by Kuh and Meyer.* Their results will be used here in chosing a defla- 


tor and testing for spurious correlation. 

Important for this study is that Kuh and Meyer derive the result 
that "under a wide range of circumstances, the ratio estimates should 
not be greatly biased in applications to cross-section data. 3 More 
specifically, the authors show that, if several deflators are avail- 
able with similar properties from an economic aspect, the analyst 
should select the one with the smallest ratio of standard deviation to 
the mean (V) in order to minimize the possibility of spurious results. 

The two variables that offer themselves as deflators are popula- 
tion (p) and employment (2) of the metro regions. + For both of these 

IThe deflation process was adopted by Richter and rejected by 
Streit; see Impact, p. 23 and Verbunds, p. 44 resp. 

2Edwin Kuh and John R. Meyer, "Correlation and Regression Estim- 
ates when the Data Are Ratios'', Econometrica, Vol. 23, No. 4 (October 
1955), pp. 400-416. 

ST binds jg p 406 

It may be pointed out that Richter obtained identical results 
using alternatively, population and total manufacturing employment of 
the region as size variables. See Charles E. Richter, Impact, pp. 24- 
25 and Charles E. Richter, The Impact of Industrial Linkages on 


Geographic Association", Journal of Regional Science, Vol. 9, No. 1 
(1969), pp. 22-23. This is an extremely unlikely result. 
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size variables the coefficient of variation (V) was computed, result- 
ing in a vp = 1.21 and a V, = 1.58. Consequently population was 
adopted as the deflator variable. A second requirement to be met is 
that the variables deflated, here employment in industry i in region 
k (i =1, 2, „ n; k 1, 2, ..., m), be homogeneous functions of the 
size variable p. Homogeneity checks were performed by calculating 
the regression functions of the employment variables on the deflator. 
The null-hypothesis 

Hy. a= 0 
was tested against the alternative in a two-tail test 

Hi: a ¥ 0. 
19 85 Ho is accepted, i.e. the employment variable is a homogenous func- 
tion of the size variable, spurious correlation is not a problem in 
the analysis. The t-test at the 1% level of significance for n = 18 


and n-1 = 17 degrees of freedom ([d. f) 
o ts tec cove (dat, = 1/7) = 299 


shows that 78 out of 86 of the constant terms are not significantly 
different from zero. Thus the regression lines are generally homo- 
genous and the null-hypthesis is accepted. Spurious correlation will 
not bias the results of this study significantly. 


Correlation of pairs of employment proportions Pi 
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where: n employment in industry i in region k 


population of region k 
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Par 3 proportion of population of region k employed 
in industry i 

yields the 86 x 86 matrix of correlation coefficients R. Ihe 7310 
non- diagonal elements of this matrix, i.e. the correlation coefficients 
i; (i#j), measure the geographical association between industries i 
and j. 

The correlation coefficients are significant if, at the 0.1 level 
of significance 255 > 0.400, at the 0.05 level 3 5 > 0.468, and 11 
sg tat ehs sg, Olmsisnificanceilevels If the correlation coefficients 


are equal to or greater than 0.400 the industries are defined to be 


geographically associated. 


3.4.4 Rank Correlation Coefficients. A method sometimes employed to 
measure the degree of association between two variables is rank 
correlation. Two coefficients are most common: the Spearman rank 
order coefficient (18) and variations of the Kendall rank correlation 
coefficient (r,). These are nonparametric statistics, i.e. they do 


not depend on any specific distribution of the variables. Both 18 and 


variants of r, were computed.! These were compared with the product 


moment correlation coefficients in order to determine their suitability 


Irhe rank correlation coefficients may be calculated as 
ra 1 - 6rd? and, for example, r_ = 3 where d denotes 
n(n2-1) zn (n-1) 
differences in the ranks of the variables and P, Q are positive and 
negative scores, resp.; see Maurice G. Kendall, Rank Correlation 
Methods (London: Charles Griffin and Co. Ltd., 1962), p. 8 and pp. 
4-5. 
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for the purpose of this study. Visual inspection of the rank cor- 
relation coefficient matrices and comparison with matrix R reveals 
that the rank coefficients generally show much higher values and in 
many cases seriously overstate the degree of spatial association. 


Except for re they show a smaller range of values. According to 


S 
McCarty, et al. this should be expected because the rank correlation 
method does not take into account the magnitude of differences between 


I 


Che units. Because of their inferior properties rank coefficients 


were not further considered in this study. 


3.5 Methodology 

While the results of other studies will be reviewed in greater 
detail below, a few words may be in order about the approach used to 
determine the agglomerative impact of interindustry linkages. In this 
study the main part of the statistical analysis contains a series of 
hypotheses designed to test the location importance of input-output 
linkages to the manufacturing sector as a whole,* followed by an invest- 
igation into their effect on individual secondary industries. 

The approach of using hypotheses to test propositions with regard 
to locational factors or the locational characteristics of industries 
was first used by McCarty, Hook, and Knos. They tested three hypo- 
theses relating to the machinery industry.“ This method was also 

lsee Harold H. McCarty, John C. Hook, and Duane S. Knos, Measure- 
ment, p. 27. 

2See Chapt. 4. 

3See Chapt. 5. 


4See Harold H. McCarty, John C. Hook, and Duane 8. Knos, Measure- 
ment, pp. 67-68. 
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adopted by Richter whose hypotheses concentrate more on the locational 
factor than on the specific industry.! The same approach is used in 
this study. However, while the hypotheses are essentially similar to 
those employed by Richter, the results of the tests are not directly 
comparable because of several modifications made. The differences lie 
mainly in the greater degree of disaggregation, the improved backward 
linkage measure, and a more suitable classification of manufacturing 
industries for test purposes. 

The six hypotheses of the general approach, to be introduced in 
the following chapter, always involve a contrasting of the input-output 
linkage coefficients with the corresponding spatial association 
measures. These hypothese are tested using basic statistical tech- 
niques. The industry-specific approach examines the locational affin- 
ity between the subject industry and all its linked industries in 
chapter five using correlation analysis. Also provided in Chapter 5 
are a determination of the population attraction of the various manu- 
facturing industries through correlation analysis and a delineation of 
industrial complexes using input-output linkages and coefficients of 


spatial association. 


3.6 Survey of the Literature on Agglomeration 
In this section some results obtained by other investigators will 


be briefly cited. The survey is not comprehensive. 


lSee Charles E. Richter, Impact, pp. 71 ff. 
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3.6.1 Writers on Agglomeration in General. Some of the earliest 
empirical studies on industrial location were carried out by Florence. 
In his more comprehensive later study he found that many structurally 
related industries tend to agglomerate in the same geographical area. 2 
Florence cited the common utilization of a labour pool and structural 
interrelations between industries as the main reasons for localization. 
In his study on the shoe and leather industries Hoover determined 

that linkage through the complementary use of labour was an important 
agglomerative locational factor. 3 Isard and Schooler attempted to 
take into account economies obtained from spatial juxtaposition by 
posing the locational problem for industrial complexes rather than 


* Following the traditional Weberian approach 


individual industries. 
to locational analysis they incorporate scale economies, localization 
economies, and urbanization/regionalization economies into their com- 
parative cost study. However, while some agglomeration economies may 
be quantified, especially those arising from technical links between 
industries, many spatial juxtaposition advantages are of an intangible 


nature which limits somewhat the effectiveness of the industrial 


complex approach. Nevertheless, the quantification of several 


political and Economic Planning, Report, p. 292. 


2p. Sargant Florence, Investment, Location, and Size of Plant, pp. 
69, 53, 66 and P. Sargant Florence, "The Selection of Industries Suit- 
able for Dispersion into Rural Areas", Royal Statistical Society 
Journal, Vol. 107 (1944), pp. 100-103. 


3Edgar M. Hoover, Location Theory and the Shoe and Leather Indus- 
tries (Cambridge, Mass.: Harvard University Press, 1937), chapt. 8. 


4Walter Isard and Eugene V. Schooler, Industrial Complex Analysis, 
Agglomeration Economies, and Regional Development", Journal of Regional 
Science, I (Spring 1959), pp. 19-42, esp. p. 35. 
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agglomeration economies is a positive step; these .economies,are,, of 


course, location- and complex-specific. 


3.6.2 Writers on Linkages and Location. In an early study Hoover 
drew attention to the locational impact of interindustry linkages by 
noting that location in close proximity to suppliers was a dominant 
factor in the localization of the leather industry of the United 
States.* In order to minimize transportation costs the leather indus- 
try tended to concentrate in ports and meat-packing centres. As it 
was Hoover's objective to develop tools of analysis, the importance 
of linkages to the manufacturing sector in general was not investi- 
gated. 

McCarty, Hook, and Knos? investigated locational issues of one 
industrial sector, the machinery group. Of particular interest in this 
context is their "related-industries hypothesis" which states that the 
machinery industry will be more closely associated with technologically 
linked industries than with non-linked industries. Industries are 
split into metals industries and non-metals industries; the group of 
related industries was formed by eliminating the less significant 
variables (industries) from the group of metals industries. The 
authors then performed multiple correlation and regression analyses of 


the associations between the machinery group and the non-metals group 


lwalter Isard and Eugene W. Schooler, "Complex Analysis", Table 4, 
p. 31; but note also the qualifications on p. 29. 


2Edgar M. Hoover, The Measurement of Industrial Localization", 
Review of Economics and Statistics, Vol. 18 (November 1936), p. 167. 


3Harold H. McCarty, John C. Hook, and Duane 8. Knos, Measurement, 
chapts. 4-7. 
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on the other hand. The calculations were made for various regions of 
the United States and Japan. The results of the analysis, while not 
very strong in some cases,! lead the authors to accept the related- 
industries hypothesis. 

In his analysis of the impact of industrial linkages on the 
location of manufacturing sectors Richter ascertained that there exists 
a significant relationship between linkages and geographic association. 
Using linkage coefficients as discussed in Section 3.3.1 above, Richter 
found that manufacturing sectors tend to cluster in the metropolitan 
areas of the United States and that linkages appear to induce cluster- 
ing. About double as many linked sectors are geographically associated 
than are non-linked sectors. Also double as many geographically 
associated sectors are linked than are non-associated sectors. The 
results of further tests regarding the effects of linkages on manu- 
facturing industries as a whole generally agree with results obtained 
in this study and will therefore not be repeated here; any deviations 
in the results and in the definitions will be noted below. Richter 
then determined how closely each sector is associated with all of its 
linked sectors by comparing the correlation coefficient of employment 
proportions between subject sector and the sum of all linked industries 
with that between the subject sector and an equal number of random 
industries. The results indicate that the manufacturing sectors are 
frequently found in the same location with sectors to which they are 
linked. 

18ee Harold H. McCarty, John C. Hook, and Duane 8. Knos, Measure- 
ment, Table 72, p. 138 for numerical results. 


2See Charles E. Richter, Impact“, pp. 24-26. 
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Streit's results are less immediately comparable to those obtained 
here than the results of the preceding author. By correlating his 
symmetric linkage coefficients! with the spatial association coeffi- 
cients over all governmental districts of West Germany and départements 
of France, Streit obtained a low but significant coefficient for West 
Germany (1 per cent level); the coefficient for France was not signifi- 
cant.* Given the fact that Streit used undeflated employment data and 
that his universes were comprised of regions of greatly varying size, 
much higher correlation coefficients would have been expected. Two 
explanations may be offered: first, as mentioned above, the arbitrary 
nature of the linkage coefficient may have influenced the results; 
second, the inclusion of immobile primary industries“ may have con- 
tributed to the reduction of the correlation coefficients. In dealing 
with the explanation of spatial associations of separate industries 
Streit uses his linkage coefficient as an explanatory variable in re- 
gression models. The dependent variable is the spatial association 
coefficient and foren industries the regression is based on n-1 observ- 
ations. For 26 industries he obtains five significant coefficients for 
West Germany and one for France (level of significance between 0.1 and 
0.01). The explanatory power of the regression model must thus be 


judged as quite small. In an expanded model Streit uses in addition 


lSee Sect. 3.3.1 above. 
2See Manfred BE. Streit, Associations“, pp. 178-181. 


3Combined in the respective universes were largely agricultural 
regions with such heavily industrialized areas as the Ruhr and Paris. 


4See Manfred E. Streit, Associations“, p. 187. 
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an agglomeration variable as an exogenous variable.! This general 
agglomeration variable is somewhat tautological as it includes again 
the influence of linkages; by not identifying any separate agglomera- 
tive factors it is also very non-transparent and therefore of limited 
usefulnesS. However, the model containing this catch-all agglomeration 
variable produced good results for a number of industries in West 
Germany and France.* More complicated models did not yield any better 
results. The weakest elements in Streit's analysis would appear to be 
the extremely high degree of aggregation (only 26 sectors), the arbi- 
trary nature of his linkage coefficient, and the generality of the 


agglomeration variable. 


18ee Manfred E. Streit, "Associations", p. 181. 


2See ibid., Table 1, p. 182. 
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4. TESTS OF HYPOTHESES -- GENERAL APPROACH 


The matrices of backward linkage coefficients B and of forward 
linkage coefficients F were calculated according to the linkage 
definitions set out in Section 3.3.1; to the matrices thus obtained 


the linkage criterion 


1 
110 


> .0091 


was applied to yield the linkage coefficient matrices. 

The matrix R of spatial coefficients was obtained by first cor- 
relating the employment proportions of industry pairs over the eighteen 
metro areas and then accepting as geographical associations only those 
coefficients for which, at the 0.1 level of significance, 


5 4000. 
ij - 


4.1 Importance of Linkages 

The data provided in Table 2! indicate that the major share of 
Canadian manufacturing takes place in the large urban areas. Theoret- 
ical considerations point to interindustry linkages as one possible 
agglomerative factor. If linkages indeed contribute to a concentration 


of manufacturing industries in cities, then there must exist a 


18ee Table 2, p. 53. 
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Significant relationship between the two attributes of industry pairs: 
"linked' and 'geographically associated’. 

Of the 7310 spatial coefficients 1744 are large enough to con- 
stitute geographical associations.! There are 2587 negative coeffi- 
cients. At the .1 significance level 731 geographical associations of 
industry pairs would be expected even if the industries located com- 
pletely independently. Since the number of significant spatial 
coefficients is more than twice as high, the hypothesis that they are 
due to chance is rejected. 

The number of backward and forward linkages is 1101; 85 industries 
are connected to one another by double linkages,* giving 1016 linked 
industry pairs.? Seven hundred and ten of the linkages are forward 
linkages and 391 are backward linkages. 

Out of the 1101 linked industries 397 industries are also geo- 
graphically associated, or 36.06 per cent.“ However, only 1547; or 
21.69 per cent, of the 6209 non-linked industry pairs are geographically 
associated. Clearly, linked industries are much more likely to be 


[At the .05 significance level there are 1438 coefficients 
-468) and at the 01 level there are 901 significant coefficients 


ce 
.589) given d.f. = 16. 


J 
+ 


VIV 


2Two industries may be connected by as many as four linkages; this 
happens when industry i is linked backward and forward to industry j 
and industry j has a backward and forward linkage to industry i. This 
is the case, for example, for industries 39 Wool, Yarn § Cloth Mills 
1 i i =. = . 1035 
7 F 0 b 940 1044, 5940 10355 
ee : 4039 ‘ : 


3In the subsequent test of significance these double linkages will 
be counted separately; this does not influence the results significantly. 


4See Table 3 for a listing of backward linkages, forward linkages, 
and geographical associations by industry. 
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TABLE 3 


FREQUENCIES OF BACKWARD LINKAGES, FORWARD LINKAGES 
AND GEOGRAPHICAL ASSOCIATIONS FOR 
INPUT-OUTPUT INDUSTRIES 


Backward Linkages Forward Linkages Geographical 
Geogr. Geogr. Associations 

Associated Total Associated Total Linked Total 
0 il 0 0 0 26 
1 2 0 1 1 24 
1 8 0 1 1 5 
0 13 0 2 0 8 
0 85 0 3 0 3 
35 8 0 1 3 14 
5 10 0 0 5 29 
1 2 0 5 1 6 
1 6 0 1 1 10 
1 13 0 0 1 16 
1 12 0 0 il 9 
0 10 0 3 0 id 
0 4 2 8 2 b 6 
2 5 2 9 4(1) 19 
3 12 2 5 5 34 
0 1 0 0 0 0 
0 7 0 0 0 7 
2 8 0 0 2 12 
0 0 1 il 1 19 
1 5 0 0 il 10 
8 14 0 0 8 27 
4 6 1 2 5 34 
4 14 9 1 1811) 31 
1 2 2 3 4 155 
6 8 0 0 6 <p 
2 iby, 3 3 10(1) ek 
2 5 6 10 8 (2) 2a 
8 6 5 8 8 (2) 30 
5 10 9 ie 14 (4) 30 
3 5 0 ih 3 39 
6 16 4 5 1002 aah 
0 if 2 8 2 8 
8 ie. a ff 13 (4) 32 
1 9 0 0 ih 15 
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TABLE 3 -- Continued 


Backward Linkages Forward Linkages Geographical 
Geogr. Geogr. Associations 

Associated Total Associated Total Linked Total 
5 7 1 1 6 (1) 38 
4 7 0 0 4 30 
0 i 0 4 0 Z 
I 4 1 4 2 2 
1 6 0 1 it 2 
1 9 5 13 6 32 
2 18 1 1 8 32 
10 18 0 1 10 5a 
0 5 0 3 0 0 
1 9 0 ih 1 6 
3 6 9 23 12029 26 
5 a 3 9 8 (2) 27 
0 2 0 0 0 21 
i, 5 4 16 5 13 
0 2 0 8 0 = 
E 7 4 8 5(1) 31 
0 1 0 4 0 0 
2 4 10 14 12 31 
0 2 5 al 5 28 
1 5 6 17 1 2 
5 10 2 4 Le?) 30 
0 6 0 5 0 70 
5 i 2 2 7A) 31 
3 6 10 18 ee 43 
2 7 2 vel 4 18 
7 14 4 6 iN 2 
9 16 4 9 1302 39 
1 16 0 0 550 43 
if 9 0 2 7 28 
1 15 0 0 ih 15 
1 1 0 0 1 6 
0 15 1 if 4(1) 8 
0 19 0 0 0 2 
8 20 1 3 9(2) 21 
9 11 85 4 6 1312) 41 
10 15 5 6 15 (4) 41 
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TABLE 3 -- Continued 


Backward Linkages Forward Linkages Geographical 
IOIC-L Geogr. Geogr. Associations 
Number Associated Total Associated Total Linked Total 
82 8 13 0 i! 8 40 
83 1 3 0 4 1 3 
84 0 7 0 0 0 5 
85 2 Wi 2 4 4(1) 16 
86 1 8 5 14 6 23 
87 8 9 0 2 3 45 
88 0 2 0 2 0 3 
89 0 11 0 0 0 1 
90 0 2 0 0 0 8 
a 2 9 6 14 8 (2) 20 
92 3 6 0 1 3 25 
E 0 8 1 6 1 1 
94 7 10 0 2 7 22 
95 5 6 0 0 5 27 
96 2 6 2 12 4(1) 18 
OF 5 14 0 2 5 41 
Total 243 710 154 391 397(44) 1,744 


* For complete industry names see Appendix 2 
5 The figures in parentheses in the column Geographical Associations - 
Linked' indicate the number of double linkages. The column total 
minus the number of double linked industries gives the number of 
linked industry pairs, i.e. 397 - 44 = 353. 
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geographically associated than non-linked industries. Looking at the 
data from the aspect of spatial association it is found that 397 of 
the 1744 associated industries are linked while only 704 of the 5566 
non-associated industries are linked; the respective percentage 
figures are 22.76 per cent and 12.65 per cent, i.e. spatially asso- 
ciated industries are almost twice as often linked as non-associated 
industries. There thus appears to be a definite relationship between 
interindustry linkages and geographic association. 

After subtracting the linked and geographically associated indus- 
try pairs from the total number of geographic associations, there 
remain 1347 spatially associated industry pairs that are not joined by 
an interindustry linkage. This figure is not too large to result if 
the industries located completely independently.! However, many of 
these associations may also be due to other agglomerative factors, such 
as ties to common markets or suppliers, attraction to a large labour 
market, appropriation of urban externalities, etc.? These locational 
factors will not be further investigated here. 

In order to provide a more rigorous test of the relationship be- 
tween the attributes 'linked' and 'geographically associated! of in- 
dustry pairs, a x?-statistic has been computed for a test of independ- 
ence. The y*-test as a measure of association may be appropriately 


applied here because it . . . provides a technique for investigating 


lSee Table 4 below. 


2See Section 2.3 above. 
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suspected relationships."'! The theoretical basis for this test was 
developed by Karl Pearson who proposed a test criterion which 
approximates the y*-distribution.? These tests utilize a contin- 
gency table and have been widely used for a great variety of problems 
in many fields of research. Examples are as varied as: the reaction 
of men and women to a certain political proposal, the heritability 

of disease, or the relationship between defects in manufactured 
products and the underlying cause (s). 3 It may also be noted that 
these association tests are non-parametric problems“ in which the 
application of the y2-statistic, due to its statistical properties, 
does not require any assumption regarding the distribution of the 
classifications involved. The hypothesis to be tested has been form- 
ulated as 


Ho? linkages and geographic associations 
are independent. 


The x*-distribution is computed on the basis of a contingency table 
that lists the observed frequencies (0) and the expected frequencies 
Alexander M. Mood, Introduction to the Theory of Statistics 
(New York: McGraw-Hill Book Company, Inc., 1950), p. 274. 
F 
r 
4Maurice 6. Kendall and Alan Stuart, The Advanced Theory of 
Statistics, Vol. 1: Inference and Relationship (London: Charles 
Griffin.& Company, Limited, 1967), p, 337. 


STaro Yamane, Statistics: An Introductory Analysis (2nd ed.; 


New York: Harper and Row, Publishers, 1967 ee 
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(E, shown in parentheses)1 for the four possible combinations of 
characteristics. The x°-statistic is computed according to the 
formula 

5 tes al 


the summation being over the possible combinations. It can be seen 


TABLE 4 


CONTINGENCY TABLE FOR TEST OF INDEPENDENCE 
BETWEEN INDUSTRY PAIR ATTRIBUTES 


Linked Non-linked Total 
Geographically 597 1,347 
Associated (263) (1,481) ee 
Non- i d 
associate 704 4,862 8,566 
(838) (4,728) 
Total Perot 6,209 75310 


that x* is a measure of discrepancy between the observed and the ex- 


2 


pected frequencies. If there is no discrepancy x2 = 0; as the dis- 


crepancy increases, x2 becomes larger. The value obtained for the 


test statistic is 2 = 106.21.° Given d.f. 1, for the 1 per cent 


IThe theoretical frequencies are apportioned according to row 
(column) total--grand total ratios. See Helen M. Walker and Joseph 
Lev, Statistical Inference (New York: Henry Holt and Company, 1953), 
p. 96. For example, E,; = (O0. 1/0. .) (O01.). 


2Taro Yamane, Statistics, p. 617. 

3The x2 obtained by netting out double-linked associations is 
x* = 82.64. Note that the Yates continuity correction has not been 
applied--as is recommended when d.f. = 1--because, with the frequen- 


cies as large as in the above case, its effect would be negligible. 


“The degrees of freedom for an r x s table is (r - 1)(s - 1). 
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level of Significance 

P(6763! * 01 
and the rejection region is x2 > 6.65. Hence N 2106 % 21 1s signiFi- 
cant and the null hypothesis that the characteristics linked! and 
"spatially associated' are independent is rejected. 

It must be pointed out that the x2 test only shows whether the 
two attributes are independent or not. It does not measure the 
strength of the association nor does it indicate the direction of de- 
pendency. I In this case, however, the direction of dependency can 
only be from linkages to geographical associations. Notwithstanding 
the two qualifications it can then be stated that the data analyzed 
support the hypothesis that interindustry linkages are locational 
factors contributing to an agglomeration of manufacturing industries 


in urban areas. 


4.2 Empirical Tests 

In this section an attempt is made to determine the locational 
efficacy and impact of input-output linkages in greater detail. For 
this purpose six hypotheses are introduced and tested. All hypotheses 


relate to the manufacturing sector as a whole. 


4.2.1 H 1: Symmetry Hypothesis 


Backward linkages and forward linkages are equally 
powerful agglomerative factors. 


ITaro Yamane, Statistics, p. 625. 


2These hypotheses, while formally similar to those employed by 
Richter, do not allow an immediate comparison with his results because 
of substantial changes in definitions and classifications. 
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There do not appear to be any a priori reasons for suspecting that 
either backward linkages or forward linkages are more effective in 
pulling industries into locational proximity to one’ another, It is 
therefore expected that the data will support the hypothesis. 

For all manufacturing industries taken together there are 710 
backward linkages; of these 243, or 34.22 per cent, are geographically 
associated. Of the 391 forward linkages 154 are geographically asso- 
ciated, or 39.38 per cent. As the percentage figures differ only by 
about 5 per cent, it appears that the hypothesis is supported. How- 
ever, a firmer decision criterion is needed. The „2 - test may be 
applied to these data to ascertain whether the observed distribution 


of frequencies corresponds to the distribution that would be expected 


if the agglomerative impact of backward and forward linkages was equal. 


From Table 5 a x* = 2.68 has been obtained with the continuity correc- 
tion applied. With 


RRE alll ated: 


TABLE 5 


OBSERVED AND EXPECTED FREQUENCIES OF SPATIAL ASSOCIATIONS 
FOR BACKWARD AND FORWARD LINKAGES 


Backward Forward 
Linked Linked Total 
Geographically 243 154 397 
Associated (256) (141) 
Non-associated 467 287 704 
(454) (250) 
Total 710 391 ph SHOR 


the x2 is not significant at any of the commonly accepted levels of 
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significance and therefore the symmetry hypothesis is accepted: 
supply and demand linkages are equally likely to induce linked in- 


dustries to locate close to one another. 


4.2.2 H 2: Production Sequence Hypothesis 

Industries in the early stages of the production 

chain are materials-oriented; industries in the 

late stages of the production chain are market- 

oriented. 
Testing of this hypothesis requires classification of manufacturing 
industries into 'First Stage Resource Users' (Group I), 'Second Stage 
Resource Users (Group II), and 'Third Stage Resource Users' (Group 
III); industries are then further classified into those heavily linked 
to final consumption (Group A) and those not strongly linked to final 
consumption (Group B) . 1 

This hypothesis finds its rationale in the nature of transfer 

costs at the various stages of production. Group I industries are the 
most raw material intensive and often weight losses occur at the refin- 
ing or processing stages. This would tend to move Group I industries 
close to their suppliers. While linkages to primary industries, for 
reasons mentioned earlier, are not explicitly considered in this study, 
one would expect supply relationships to be of greater locational im- 
portance at this stage than demand side relationships. Group III in- 
dustries, on the other hand, would be expected to locate close to 
markets in order to realize transfer agglomeration and pure agglomera- 


tion economies. These linkages through transfer economies were implied 


by Hoover when he stated that 


ISsee Appendix 3 for details of the classification. 
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... in general the earlier stages of a production 


sequence are unlikely to be market-oriented and 

the later stages are unlikely to be material- 

oriented while intermediate stages are generally 

less dependent on either procurement or distribu- 

tion factors in their location."! 
It may be surmised, however, that forward linkages are more important 
not only to Group III industries but also to Group II industries. 
Since the transportation cost savings due to weight loss occur predom- 
inantly at the initial stage of manufacturing, i.e. refining or pro- 
cessing, this powerful locational factor does not apply as strongly 
to Group II industries. Consequently the market pull' may be more 
errective. 

Hypothesis , by calculating, for Groups) I; Di and iii 
the proportion of employees working in the metro areas. The figures 
for this test are taken from Table 1. The above locational considera- 
tions would lead one to expect an increase in the employment propor- 
tions as one moves from Group I to Group III. The results shown in 
Table 6 bear this out. The weighted mean of the employment share in 
metro areas for Group I industries is 38.8 per cent; for Group II 
industries it is 54.3 per cent and for Group III industries the 
weighted mean is 63.9 per cent. These results tend to support the 
hypothesis. However, a firmer test of significance needs to be ap- 
plied: 


In order to determine whether the difference in the group means 


is significant an analysis of variance is performed. If the difference 


between the group means xz, XII, and XxT11 is not significant, the 


1Edgar Jn Hoover, [he Location, ps Tle; see also -p. 35. 
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TABLE 6 


EMPLOYMENT PROPORTIONS IN METRO 
AREAS BY INDUSTRY GROUP 


Group I II 19 18 

A 49.3 54.0 65.4 

B 35.9 54.4 55 
Weighted Mean 38.8 54.3 63.9 


groups must be considered as belonging to the same population. The 


null hypothesis is 

% HIF 111 1111 
with the weighted means x as estimators for the h. This hypothesis is 
tested against the one-sided alternative 

rr 
This hypothesis may be tested using an F-distribution. Similar tests, 
applying this distribution, have been conducted in various fields of 
study, 1 for example the absorption of different cooking fats by dough- 
nuts, the effect of different vitamin levels on pigs, or the influence 
on grades of different teaching methods.” Snedecor's and Cochran's 
remarks concerning departures from the normality assumption are rele- 
vant in this context. Of the three potential cases for non-normality 
mentioned by them the second, dealing with proportions or percentages 
that cover a range extending nearly to zero or 100%", is of interest 

george V. Snedecor and William G. Cochran, Statistical bt dre 

(6th ed.; Ames, Iowa: The Iowa State University Press, 1967), pp. 258 


and 262. 


2Taro Yamane, Statistics, p. 667. 
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here. | 


A check of the employment percentages of industries in metro 
areas reveals (Table 1) that there is no proportion below 10 per cent, 
with only five below 20 per cent and only two slightly above 90 per 
cent; this is favourable for the application of the test. It should 
also be noted that the magnitudes involved in the test are aggregates 
which tend to be normally distributed. Moreover, as Kendall and 
Stuart have pointed out with regard to the robustness of standard 
'normal theory procedures, ? tests on means are FODUSts a eon they are 


rather insensitive to departures from normality of the populations. 


The F-statistic is constructed as 


1 ores » (éstimatediyveariance from between: 
estimated variance from "within" 


The calculation yields a variance ratio of 


_ 54992.21 | 
Fy = 640 150.93 


The degrees of freedom are d. f. 1 = 2 and d. f. 2 = 83; since 83 is not 
given in the table as a degree of freedom for the smaller variance, the 


more conservative (larger) value for 80 is used. For the one per cent 


1George V. Snedecor and William 6. Cochran, Methods, p. 276. 


2Maurice G. Kendall and Alan Stuart, Inference, pp. 465-466. In 
addition separate t-tests for the difference between any two of the 
means were carried out; the results confirmed the conclusion of the 
test below. (The t-test was mentioned especially by Kendall and Stuart 
for robustness. ) 
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TABLE 7 


ANALYSIS OF VARIANCE TABLE 
FOR GROUP MEANS 


Source of Sum of Degrees of Mean 
Variation Squares Freedom Square 
Between 109998 .41 a= 1 2 54922. 21 
Within 30245 .04 n- a= 83 364.40 
Total 140243.45 n= 1 85 1649.92 


level of significance 


I 


Since 58 = 150.93 > 52 > FS: the null hypothesis is rejected and it 


is concluded that the group means are different. Group I industries 
are less likely to locate in major urban areas than Group III indus- 
1 
Hypothesis 2 received additional support from a comparison of the 
number of backward and forward linkages that are accompanied by geo- 
graphical associations at the three stages of manufacturing. The loca- 
tional considerations above indicated that industries in the early 
stages of manufacturing generally would tend to be supply-oriented; 
this leads one to expect that for these industries there would be 
relatively more backward linkages than forward linkages geographically 
associated.! The reverse would be predicted for industries in the final 
IHenceforth, for simplicity of language, the expressions 'geograph- 


ically associated linkages! or spatial ly associated linkages' will also 
be used. Strictly speaking it is of course the industries which are 


spatially associated. 
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Stages of manufacturing. Intermediate stage industries, i.e. Group II, 
for reasons outlined above, might be expected to show a higher per- 


centage of forward linkages to be geographically associated than of 


backward linkages. 


TABLE 8 


NUMBERS AND PERCENTAGES OF GEOGRAPHICALLY 
ASSOCIATED BACKWARD AND FORWARD 
LINKAGES BY INDUSTRY GROUP 


Backward Linkages Forward Linkages 
Number . Number 
Number Associated Per Cent Number Associated Per Cent 
Group I 37 9 24.3 36 4 l 
Group II 1 32 212 135 ene 3 
Group III 555 202 33 226 93 41.2 


Examination of the percentage figures in Table 8 reveals that for 
industries in Group I 24.3 per cent of the backward linkages are geo- 
graphically associated while only 11.1 per cent of the forward linkages 
are accompanied by spatial associations. For both Group II and Group 
III industries the proportion of geographical associations is higher 
among the forward than among the backward linkages; the percentages 

of spatially associated backward and forward linkages are, respectively, 
21.9 per cent vs. 37.8 per cent for Group II and 37.7 per cent vs. 41.2 


per cent for Group III industries. Thus backward linkages appear to 
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be of greater agglomerative importance to Group I industries while 
forward linkages are more likely to be geographically associated for 
Group II and Group III industries. The combined evidence leads to an 


acceptance of the production sequence hypothesis. 


4.2.3 H 3: Linkage Strength Hypothesis 


Strong interindustry linkages are more powerful 
locational factors than weak linkages. 


Examination of this hypothesis required a grouping of the linkages 
according to their size. The first group includes linkages from the 
minimum value of 0.91 per cent to a value of 4.99 per cent; these are 
considered to be weak linkages. The group of medium linkages extends 
over the range of 5.00 per ‘cent’ to 9.99 per dent. “All? dinkages' ‘equal 
to or larger than 10.00 per cent are considered to be strong linkages. 
For reasons explained below, the group of strong linkages has been 
subdivided again into the intervals 10.00 - 49.99 per cent and 50.00 - 


FOO>00 per cent. 


TABLE 9 


FREQUENCY OF LINKAGES AND GEOGRAPHICALLY 
ASSOCIATED LINKAGES BY LINKAGE 
SIZE GROUPS 


Number of Percentage of 
Linkage Number of Associated Associated 
8128 Linkages Linkages Linkages 
0.91 - 4.99 886 301 34.0 
SOT Monet Sek ts he 114 47 41.2 
10200 =» 497,99 93 47 595 
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Table 9 shows the number of linkages, the number of geographically 
associated linkages, and the proportion of associated linkages by 
linkage size groups. The group of weak linkages has a frequency of 
886 of which 301 linkages are accompanied by geographical associa- 
tions; this amounts to 34.0 per cent. In the medium strength group 

47 out of 114 linkages are geographically associated, or 41.2 per cent. 
Considering the group of strong linkages as one single group it is 
found that 49 out of 101 strong linkages occur with geographical assoc- 
lations, a percentage of 48.5. These results provide strong evidence 
in favour of the hypothesis and might lead to its unqualified accep- 
tance. 

However, closer scrutiny of the linkages in the highest group 
reveals an interesting phenomenon. If strong linkages are further 
subdivided as shown in Table 9, the linkage strength hypothesis fails 
quite definitely for the 50+ per cent group. The result for the 
group 10.00 - 49.99 per cent is strengthened with 50.5 per cent of the 
linkages associated, while only 25 per cent, or 2 out of 8, of the 
strongest linkages are accompanied by spatial associations. 

Moreover, within the group of 1 linkages there appears 
to be a systematic relationship. The group contains 2 forward link- 
ages and 6 backward linkages ;1 both the forward linkages are connected 


by geographical associations while none of the backward linkages are. 


18ee Table 10. 
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TABLE 10 


INDUSTRY DETAIL FOR THE GROUP 
OF STRONGEST LINKAGES 


IOIC-L Linkage IOIC-L Linkage Type and Size 

Number Originb Number Destination of Linkagea 
30 Leaf Tobacco 3 Tobe Products M: 3031 = .6873* 
e 36 Shoe Factories 3536 6128 * 
56 Paper Box & Bag 54 pulp & Paper Mills Ksysg = . 6406 
60 etcel PinerGgelube 59 brongaaoteel Milis k5960 7820 
63 Aluminum R. C. E. nen Ref, k6263 7276 
SA see Copper R. E, r k6261 8124 
Come etal) Ro OtE 2 n,e.s. 62 smelt. G Ref k6265 = .6061 
67° 4 Habr. Struct Met. 59 Iron & Steel Mills ks967 = .5640 


2 Linkages identified by ''*'' are geographically associated. 


See Appendix 2 for full industry names. 


This result was not altogether unexpected. All the recipient 
industries of the backward linkages are primary manufacturing indus- 
tries. (Statistics Canada Classification) and likely to be heavily 
oriented in their location to their non-urban sources of raw materials. 


The large amount of weight loss occurring at the refining and process- 
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ing stage would appear to be the major reason for this orientation. 
For reasons discussed above, the industries from which the backward 
linkages originate are severed locationally from their sources of 
supply. 

Thus the linkage strength hypothesis is accepted with the proviso 
that the strong backward linkages from Group III industries to primary 
manufacturing industries of Group I (Smelting and Refining, Pulp and 
Paper Mills) and Group II (Iron and Steel Mills) will generally not 


be accompanied by spatial association of the linked industries. 


4.2.4 H 4: Final Demand Impact Hypotheses 
Two hypotheses are tested regarding the influence of final demand 
consumption sales on interindustry linkages and geographical associa- 
tions. 
H 4.1: Industries heavily linked to final demand show, 
on average, fewer geographical associations 
than industries not heavily linked to final 
demand. 
The output of any industry may either flow back into the interindustry 
system as intermediate inputs or it may go to final demand. If the 
share of output destined for the final demand sector is large only a 
small proportion will remain for interindustry transactions. Conse- 
quently there will be fewer interindustry linkages connecting this 


industry to the system. This, in turn, will result in a smaller number 


of spatial associations for industries strongly linked to final demand. 
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For the purpose of this study industries have been defined to be 
strongly linked to final demand if they sell at least fifty per cent 
of their output to final demand consumption (FDC); industries in this 
category are called Group A industries with the remaining industries-- 
those not heavily linked to final demand--falling into Group B. 

The hypothesis is tested by comparing the average number of geo- 
graphical associations in Group A with that of Group B. Group A con- 
tains 26 industries and Group B the remaining 60. Group A industries 
show a total of 98 spatial associations while there are 299 in Group B. 
The average number of geographical associations for Group A thus is 
3.77 while Group B industries average as many as 4.98. The difference 
of 1.21 between the two figures amounts to 1 e ee ee 
larger figure and to almost 33 per cent of the smaller one. This large 
difference in the number of geographical associations between Groups A 
and B industries points to an acceptance of the first final demand im- 
pact hypothesis. 

H 4.2: The strength of the final demand link does not, 

on average, influence the number of linkages 

that are geographically associated. 
While one would expect Group A industries to be tied into the inter- 
industry system by a smaller number of input-output linkages, there 
does not appear to be any reason to suspect that the linkages that do 
exist are systematically of a smaller size. The backward linkages are 
determined technologically and the forward linkages, while fewer in 
number, may be just as strong as those of Group B industries. | 

Evidence regarding this hypothesis is provided by calculating, 


for Group A and Group B, the proportion of linkages which are accompan- 
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ied by spatial associations. For Group A there are 273 linkages and 

98 geographical associations. Thus, on average, 35.89 per cent of the 
linkages are accompanied by spatial associations for Group A industries. 
For Group B industries there are 299 geographical associations for 828 
backward and forward linkages; this amounts to 36.11 per cent. The 
difference of 0.22 between the two figures is less than 1 per cent. 

This difference is considered to be insignificant and leads to an 


acceptance of the second final demand impact hypothesis. 


4.2.5 H5: Processing Stage Impact Hypothesis 

The processing stage at which industries 

operate has no influence on the proportion 

of interindustry linkages accompanied by 

spatial associations. 
This hypothesis expressly examines the impact the processing stage 
might have on the share of linkages that are also geographically asso- 
ciated. The hypothesis is tested for the three stages of raw material 
users, Lhe. ,Groupel, II, and III industries;}! Group I industries are 
closely tied to the primary sector while for Group III industries raw 
materials are of relatively little importance. 

There exists some prior information, both of a theoretical and an 
empirical kind, that would lead one to doubt whether the hypothesis 
will be confirmed. As was outlined above, location theory predicts 
that early raw material users will show, because of weight loss of the 


materials in processing, a greater affinity toward their sources of 


supply than toward their forward industries. Theoretical considerations 


lSee Appendix 3 for details on industry groups. 
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also suggest that footloose industries, i.e. those for which trans- 
portation costs are not a major locational factor, will gravitate to- 
wards a market location. The empirical clues may be derived from the 
tests of earlier hypotheses, especially H 2 and H 3, which indicated 
that there existed deviations from a strictly proportional distribution 
of associated linkages. 

The test of the processing stage impact hypothesis is again based 
on the x*-statistic which compares the observed frequencies of the 
cells with the theoretical frequencies and expresses the degree of 
correspondence between the two. As before, a y* = 0 would indicate 
that there is no discrepancy between the observed and expected fre- 
quencies and would, in this case, confirm the hypothesis; a large x2 
would result from a great discrepancy. Observed and expected fre- 
quencies are shown in Tables 11 and 12 respectively. 

For this test the theoretical frequencies were not calculated by 
taking the marginal totals of the observed frequencies and calculating 
the proportions. The processing stage hypothesis itself specifies the 
distribution of cell frequencies and this a priori information was 
used in the calculation of the expected frequency table.! If the pro- 
cessing stage had no impact on the proportion of linkages that are also 
spatially associated, then the frequency of associated linkages for 
each industry group should be proportional to the number of industries 
in each group. Of the 86 manufacturing industries 14, or 16.3 per cent, 


fall into Group I; thus 16.3 per cent of the 353 linked and associated 


1See 6. Udny Yule and Maurice G. Kendall, An Introduction to the 


Theory of Statistics (London: Charles Griffin & Company, Ltd., 1946), 
Date /s 


a otarivany 0 ee 158 
as 
Dona ihn! fle ich / e r h : 


notsudtrseib Aanef TTF VI * ‘ie 


* 


„ae al 6 en 


bees uad ak hevdsoged Jed S e “ods 8 amcr ear 
ott to i pl bevreedo ——— e bh, Oelz - ott to 

to heb sds eK bas ast aul besen od arb 5 

„ be biuow d «= Sy @ ee 2A eee n eee eonébnoqeerz02 
-r bosse, Ban beytsede Sila na ang ve tb on ek Send 115 

Ly ogtul & s2tawtiogyd 80% cities oreo ahd’ wit tue bas eotomeup 
ert bases bee bavresdO .yoneqetdeth d „ wort ee bivow 
-yPovitseqeet °F bas ff golds ni ode stm senen 

vd bedaluolao Jon stew abionsupst?t Laoisérosity edt feo? 2282 e 
utizeluoleo bre eeloneupett bevrsedo ois YW % Lanigzuam od? gatdas 


odt Kin tes Useatt efzedsoayd sgete gitivesoorg off .enobtroqory eds 


sew noisserrd%ni fir # Sit bas estonsepet? 11% to dude 


-orq ait A ofded yorteuper? bedoeque og Jo nofzeleptes ed? mi_beev 
de ta ie tat eogudntt Ya noisreqoty od% no Jong om bad ogate gnieess 
at 2oqodcil DoE That Yo yousupar sd mods , botefoores’ te Hage 
enivgeubni Yo M- oft os ee ee ad eee en yrzeubnt a 


dba nod C e go „ eee eee eee 98. ots e eee ene e 
N { 

Aethtooeze tne bunt Kü oft 10 tye sq „t end tt quo ont Ie 
Le 8 


104 


TABLE 11 
OBSERVED FREQUENCIES OF GEOGRAPHICALLY 
ASSOCIATED INTERINDUSTRY LINKAGES 
BY INDUSTRY GROUP 


Linkage Destination 


Group I Group II G DEL ih 1 
5 P P roup ota 
i croup sel 6 2 5 13 
8 
0 Group II 5 3 25 29 
80 
00 
eee e 7 22 282 opal 
od 
J 
Total 16 27 310 383 
TABLE 12 
EXPECTED FREQUENCIES OF GEOGRAPHICALLY 
ASSOCIATED INTERINDUSTRY LINKAGES 
BY INDUSTRY GROUP@ 
Linkage Destination 
2 Group I Group II Group III Total 
— 
e eee 9.3 6.0 42.1 57.4 
2 
2) 
0 Group II 0 So 27 1 0 
6D 
00 
= Group III 421 2271 189.4 258.6 
“4 
— 
Tot al 57.4 Send 258.6 b5 5-20 


Snedecor and Cochran point out that it is not necessary to combine 
cells if none of the theoretical frequencies is smaller than five. 
See George W. Snedecor and William G. Cochran, Statistical Methods 
(Ames, Iowa: The Iowa State University Press, 1967), p. 235. 


industry pairs were entered as the marginal total for Group I in the 
expected frequency table. The proportions for Group II and III indus- 
tries are 10.5 per cent and 73.2 per cent respectively. The marginal 


totals appear in Table 12; from these totals the individual cell 


fesct = EME 
21 
of 
bit 
bat 
bP Saar 
. ien, 
Lee $0 eee eee er, 
2A paar Dre 
6 run v — 
bs * N 
not ant zess sgadntJ ; 
Lie iT quowd e 1 queva N 
1.5 {sh 0,8 . enn 4 N 
9, St 1. 2.2 Oo. Il quod 
21628 068 r. de 1.85 111 q ee > 
O. Et dees ode d. Je as rtr 


(se 
oni, oF YToeRAI0N Ton 2% FF Jad tuo Tron nertood bee oat 
evil moda renne e solange Anett: of3 to-enon 
8 ee , e e bee eee .W 
4 „een tiensy int! nn e awol oft 


ots a1 1 goon 26% 1808 mne * bets7a9 oT9w 
sanbat 111 tae 11 . 
enen od cov tsongan’ noo aq 5.88 | 
; Hino Loubertbat enn elo los e 


105 


frequencies were calculated in the usual manner. 

The x2-test yields a y* = 114.32. The critical value is 

RN 15028) rere 01 

for d. f. = 4. The result thus shows a substantial discrepancy between 
the observed and the theoretical frequencies and the hypothesis is not 
confirmed. 

A comparison of Tables 11 and 12 shows that there appear to be 
two major sources for the discrepancy; these conform very well with the 
theoretical considerations above. One source may be found within the 
Group III industries. Only 189.4 associated linkages were expected but 
282 were observed. This large number of spatial associations between 
linked industry pairs of Group III may be partly due to other agglom- 
erative factors and the greater degree of footlooseness at the later 
stage of production. The other source for the discrepancy lies in the 
number of associated linkages between Group I industries on the one 
hand and Group II and III industries on the other hand. For linkages 
emanating from Group I 6.0 were expected to be geographically associated 
with Group II industries but only 2 were observed; 42.1 were expected 
to be associated with Group III industries but only 5 were observed. 
For linkages emanating from Group II to Group I 6 spatial associations 
were expected but only 3 were observed. Between Groups III and I 42.1 
were expected but only 6 were observed. In all other cases observed 
and theoretical frequencies correspond well. These results indicate 
that the processing stage does influence the proportion of linkages 
accompanied by spatial association of industry pairs. H 5 is therefore 


rejected. 
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4.2.6 H 6: Dispersion Hypothesis 

The proportion of the industries final demand 

sales has no impact on the industries' dispersion 

of employment proportions. 
The final hypothesis regarding all manufacturing industries to be 
tested is the dispersion hypothesis. Rather than being concerned with 
some aspect of interindustry linkages this hypothesis sets out to ex- 
amine the influence of forward final demand consumption linkages on 
the distribution of manufacturing employment proportions in the metro 
areas. 

Theoretical locational considerations tend to lead to the expect- 
ation of finding the employment proportions of Group A industries -- 
those heavily linked to final demand consumption -- more concentrated 
in the metro areas than the employment proportions of Group B indus- 
tries. The figures for industry employment in metro areas as a per- 


centage of total Canadian industry employment are provided in Table 1. 


For Group A industries a mean of 56.23 per cent is calculated. The 


variance for Group A is 303.19 points. Group B industries have, on the 


average, only 51.13 per cent of the employees in metro areas, with a 
variance of 537.16. Clearly, the dispersion of employment percentages 
in metro areas for Group B industries is much larger than that for 
Group A industries. The coefficient of variation,! a relative measure 
of dispersion, yields .3157 for Group A and .4571 for Group B, again a 


sizeable difference. However, with a ratio of the larger variance to 


the smaller variance of 1.77 the difference is, in a statistical sense, 


1See Taro Yamane, Statistics, p. 76. 
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not very strong. Only at the 0.1 level of significance could the 
variances be considered different.] A few reasons may be advanced to 
explain this result. On the one hand the limit between Group A and 
Group B industries may have been set rather high with 50 per cent of 
total output destined for final demand consumption. This may have 

put many heavily consumption-oriented industries into Group B, thus 
weakening the result. On the other hand, a significant number of Group 
B industries may have agglomerated in metro areas, because of linkages 
and other reasons, resulting in similar means and variances. Overall 
the evidence would appear strong enough to conclude that final demand 
sales have some influence on the dispersion of employment proportions. 


The dispersion hypothesis is therefore tentatively rejected. 


4.3 Summary and Evaluation of the Results 

The empirical analysis has shown that interindustry linkages are 
important agglomerative locational factors. The result of the inde- 
pendence test indicated that there exists a statistically significant 
relationship between input-output linkages and the spatial association 
of industries. This result is important as it lays the foundation for 
further analysis and policy suggestions. 

In subsequent hypotheses various aspects of the linkage/association 
relationship were probed. The results of these tests of hypotheses 
tend to confirm the predictions made on the basis of location theory. 
Of the interindustry linkage hypotheses both the Symmetry Hypothesis 


(H 1) and the Production Sequence Hypothesis (H 2) were definitively 
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accepted; the Linkage Strength Hypothesis (H 3) was accepted with the 
qualification that the very strong backward linkages to primary manu- 
facturing industries are generally not combined with spatial associa- 
tion of the linked industry. This result is of particular interest 
in the Canadian context for it indicates that there appear to exist 
strong forces pulling back processing and refining industries to the 
non-urban raw material location; these were discussed above. It also 
suggests, mutatts mutandts, that the non-urban locations would tend to 
find it difficult to attract the forward-linked industries into their 
geographical proximity. The last interindustry linkage hypothesis, 
the Processing Stage Impact Hypothesis (H 5) was rejected as expected. 

Hypotheses 4 and 6 explored aspects of a special type of forward 
linkage, the final demand consumption link. Both Final Demand Impact 
Hypotheses (H 4.1 and 4.2) were accepted while the rejection of the 
Dispersion Hypothesis (H 6) was somewhat less definite than had been 
anticipated. Possible reasons for this result were given above. 

These results provide insights into the way in which input-output 
linkages affect the locational patterns of the manufacturing indus- 
tries as a whole. While the regions considered in the analysis are 
restricted to the Canadian metropolitan areas, it would appear reason- 
able to suggest that analogous results would be obtained for other 


regions delineated according to economic criteria. 
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5. INDUSTRY - SPECIFIC APPROACH AND INDUSTRIAL COMPLEXES 


In this chapter an attempt is made to shed some light on the 
importance of interindustry linkages to specific manufacturing indus- 
tries. The chapter also contains information on the population orien- 
tation of individual manufacturing industries. A special section deals 


with industrial complexes. 


5.1 Affinity of Manufacturing Industries to Their Linked Industries 
Correlation coefficients for each industry were computed in order 
to ascertain how closely associated each industry is with all of its 
linked industries taken together. 
The correlation is over the eighteen metropolitan areas (k = 1, 2, 
.., 18) between the employment proportion of an individual industry 
Pi, and the sum of the employment proportions in all of its linked 
industries 


53 
; k 
j J 


where j represents all the industries to which industry i is linked. 
The results of the correlation are shown in Table 13. 

It should be noted at the outset that the specific industry coef- 
ficients cannot be expected to be very high for several reasons. 


Firstly, since the correlation is with a summary measure of all linked 
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TABLE 13 


CORRELATION COEFFICIENTS FOR INDIVIDUAL MANUFACTURING 
INDUSTRIES WITH LINKED INDUSTRIES AND 
WITH RANDOMLY SELECTED INDUSTRIES 


Correlation Correlation 
Coefficient Coefficient 


IOIC-L Industry Linked Random 
Number Title Industries Industries 
12 Slaughtering à Meat Processors .1574 .1605 
is Poultry Processors 2038 . 0075 
14 Dairy Factories 1459 1015 
18 Process Cheese Manufacturers . 0866 1289 
16 Fish Products Industry - 4161 — Slo 
7 Fruit §& Vegetable Canners and 4884 . 2066 

Preservers g 
18 Feed Mills . 5080 .5081 
19 Flour Mills 1485 . 1861 
20 Breakfast Cereal Manufacturers 1039 —. 0795 
2 Biscuit Manufacturers . 1659 .6126 
22 Bakeries .1363 .2677 
23 Confectionery Manufacturers .0374 3592 
24 Sugar Refineries 0144 -.1487 
25 Vegetable Oi! Mills .6169 2408 
26 Miscellaneous Food Industries 2733 2687 
ed, Soft Drink Manufacturers - 4648 — 1203 
28 Distal leries - .0246 2464 
29 Breweries 8 Wineries .0835 —. 0827 
30 Leaf Tobacco Processing . 1458 0184 
34 Tobacco Products Manufacturers „1287 1871 
32 Rubber Footwear Manufacturers 4606 6873 
33 Tire §& Tube Manufacturers 888 6795 
34 Other Rubber Industries 5243 6707 
— Leather Tanneries 8202 8821 
36 Shoe Factories 5334 6518 


37 Glove & Luggage Manufacturers 5206 0165 
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TABLE 13--Continued 


Correlation Correlation 
Coefficient Coefficient 


IOIC-L Industry Linked Random 
Number Title Industries Industries 
38 Cotton Yarn 8 Cloth Mills 6008 0011 
39 Wool Yarn 8 Cloth Mills 6608 . 4962 
40 Synthetic Textile Mills 6499 whey ball 
41 Carpet, Mat & Rug Industry .6080 leo. 
42 Linoleum & Coated Fabrics Industry 22095 823 
43 Textile Bags & Canvas Products 2394 3 

Industry 
44 Other Textile Industries 2855 3236 
45 Hosiery Mills 8 —. 0407 
46 Other Knitting Mills oo? 2811 
47 Clothing Indus tri es 5165 5320 
48 Sawmills -.1964 “222 
49 Veneer & Plywood Mills -.1322 -.1428 
50 Sash 8 Door and Planing Mills .0490 .0198 
51 Other Wood Industries .7695 .0747 
52 Household Furniture Industry 0 9170 
53 Other Furniture Industries . 7090 . 2636 
54 Pulp & Paper Mills -.2007 -.2996 
8 Asphalt Roof ing Manufacturers 2202 0248 
56 Paper Box & Bag Manufacturers 4956 4982 
3 Other Paper Converters 5149 2 0 
58 Printing, Publishing & Engraving 9 —. 0543 
59 ron d Steel Milis . 4922 0944 
60 Steel Pipe §& Tube Mills .0054 —. 0982 
61 Iron Foundries „7851 6219 
62 Smelting 8 Refining -.0098 —. 0727 
63 Aluminum Rolling, Casting and 5288 4891 
Extruding 
64 Copper 8 Alloy Rolling, Casting 4181 2955 
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TABLE 13--Continued 


Industry 
Title 


Metal Rolling, Casting and 
Extruding, n.e.s. 


Boiler 8 Plate Works 


Fabricated Structural Metal Industry 


Ornamental 8 Architectural Metal 
Industry 


Metal Stamping, Pressing & Coating 
Industry 


Wire & Wire Products Manufacturers 


Hardware, Tool § Cutlery 
Manufacturers 


Other Metal Fabricating Industries 
Machinery & Equipment Manufacturers 


Refrigeration, Office 8 Store 
Machinery Manufacturers 


Aircraft & Parts Manufacturers 


Motor Vehicles §& Trailer 
Manufacturers 


Motor Vehicle Parts Manufacturers 


Other Transportation Equipment 
Industries 


Manufacturers of Electrical 
Appliances 


Manufacturers of Communications 
Equipment, including Wire 
Manufacturers of Electrical 
Industrial Equipment 


Other Electrical Products 
Manufacturers 


Cement §& Lime Products Manufacturers 


Concrete & Gypsum Products 
Manufacturers 


Correlation 
Coefficient 
Linked 


Industries 


2168 


.5830 
22218 
5486 


8545 


8015 
. 7386 


6656 
9074 
5608 


0207 
3369 


4548 
—. 3309 


7384 


4596 


6238 
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Booed 
2019 


Correlation 
Coefficient 
Random 


Industries 


. 3807 


3 
—. 0727 
3386 


6422 


6633 
3460 


6744 
. 8340 
200 


—. 0574 
—.1111 


0805 
-.3214 


2746 


. 4505 


4432 
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TABLE 13--Continued 


Correlation Correlation 
Coefficient Coefficient 


IOIC-L Industry Linked Random 
Number Title Industries Industries 
85 Clay, Stone §& Refractory Products .5856 .0906 
Manufacturers 

86 Glass 8 Glass Products Manufacturers 782 . 3930 

87 Other Non-Metal Mineral Products Tae #5759 
Industries 

88 Petroleum & Coal Products Industries -.3236 -.1503 

89 Explosives & Ammunition —.2542 0016 
Manufacturers 

90 Manufacturers of Mixed Fertilizers —. 0223 —. 0218 

91 Manufacturers of Plastic Resins .2202 $29 5S 

92 Manufacturers of Pharmaceuticals 3998 3307 
and Medicines 

93 Paints 8 Varnishes Manufacturers .1885 .0676 

94 Manufacturers of Soap and Cleaning 6959 788 
Compounds 

aS Manufacturers of Toilet Preparations 8830 195 

96 Industrial 8 Other Chemical .4673 20014 
Industries 

97 Miscellaneous Manufacturing 5904 6463 


Industries 
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industries there may be many non-associated but linked industries 
which introduce disturbances. Secondly, as the foregoing analysis has 
shown, some of the very strong linkages are not accompanied by geo- 
graphical associations and this fact will tend to depress the coef- 
ficients for a number of industries. Thirdly, while the analysis of 
the previous chapter has shown that strong linkages are more powerful 
agglomerative factors than weak ones, all employment proportions of 
linked industries are entered at 'face value' into the correlation. A 
weighting by the strength of the linkage might have produced higher 
coefficients. Fourthly, there exist differences among Canadian metro- 
politan areas in the ratio of manufacturing employment to population. ! 
Moreover, the differences also extend to the employment proportions 
within the metro areas. This unequal distribution of employment shares 
wlll tena to reduce the correlation coerricients. 

In any case, of primary importance here are not the absolute values 
of the correlation coefficients but a comparison of their signs and 
magnitudes with another series of correlation coefficients that pro- 
vides a standard of comparability. This series has been obtained by 
correlating the employment proportion of industry i with the sum of 
employment proportions in randomly selected industries. For each in- 
dustry the number of random industries is equal to the number of linked 
industries. The results of this correlation are shown in column 2 of 
Table 13. One would expect the correlation coefficients with random 
industries to be, on the average, significantly lower than the correla- 


tion coefficients with linked industries, resulting in a lower mean and 


ISee Table 2, p. 53. 
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in a greater number of negative coefficients. 

Examination of Table 13 reveals that most of the manufacturing 
industries are locationally oriented towards their linked industries. 
In column 1 for linked industries 45 of 86 coefficients are signifi- 
cant at the 0.1 level. For random industries, in column 2, there are 
only 25 significant coefficients. The number of negative coefficients 
is ho ror linked industries, or 15.1 per cent, anch is 20, Or 25-4) per 
cent, for randomly selected industries. The mean of the coefficients 
for linked industries is 0.3508 as opposed to 0.2585 for the set of 
random industries. 

The t-test has been applied to the two series of data in order to 
determine whether the difference between the A is significant. The 
value of the t-statistic is t = 1.8990 with ni + no - 2 = 170 degrees 
of freedom. The closest approximation in the published tables with 
regard to the degrees of freedom is d.f. = 120, with the table showing 
that 


P(t > 1.658 | dif. = 120) 


nus 


and 


01 


Rr e 120) 
Thus the computed t-value is significant at the 5 per cent level and 
almost significant at the 1 per cent level. This evidence is consid- 
ered to be strong enough to conclude that the means are different. In 
other words, manufacturing industries are more often geographically 
associated with their linked industries than with randomly selected 


industries. 


Two reasons may be cited that explain why the difference between 
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the means, although statistically significant, was not more pronounced. 
Firstly, a number of industries, especially in the textile and the 
metals sector, possess a relatively large number of interindustry 
linkages. The random selection process then picked in many cases 
several industries that are in fact linked. Secondly, the attraction 
of many manufacturing industries to centres of population results in a 
Similarization of the correlation coefficients. In the light of these 
considerations the t-value obtained assumes even greater significance. 
Of the industries in the food processing sector interindustry 
linkages are of locational importance to #17 Fruit and Vegetable Can- 
ners and Preservers and #25 Vegetable Oil Mills. In the former case 
the linkages are backward to suppliers such as #57 Other Paper Con- 
verters, #69 Metal Stamping, Pressing & Coating Industry, and #86 
Glass and Glass Products Manufacturers; in the latter case there are 
supply linkages to #69 and #96 Industrial and Other Chemical Indus- 
tries and forward linkages to #94 Manufacturers of Soap and Cleaning 
Compounds and #96, i.e. the linkage to #96 is a double linkage. 
Input-output linkages appear to be of great locational importance 
to the textile sector. The basic textile mills, #38 Cotton Yarn 8 
Cloth Mills, #39 Wool Yarn 8 Cloth Mills, and #40 Synthetic Textile 
Mills are closely linked and geographically associated with one another 
and with many of their forward textile industries, e.g. #44 Other Tex- 
tile Industries, #45 Hosiery Mills, #46 Other Knitting Mills, and #47 
Clothing Industries. This sector will be examined in more detail be- 


low. 


In the wood sector #51 Other Wood Industries and #53 Other 
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Furniture Industry are particularly oriented towards their linked 
industries. For the former industry these are mainly forward linkages 
while for the latter there are a large number of exclusively backward 
linkages.! Industry #57 Other Paper Converters is also locationally 
tied to its linked industries, albeit it is not usually found in loca- 
tional proximity to its major supplier, #54 Pulp and Paper Mills.? 

The largest number of industries to which interindustry trans- 
actions are of locational significance may be found in the metals 
sector including many of the metal-using industries in that production 
chain. Table 13 shows that for industries #59 to #82, with only four 
exceptions, the locational affinity to linked industries is stronger 
than to random industries. For several industries, e.g. #65 Metal 
Rolling, Casting and Extruding, n.e.s., #71 Hardware, Tool ò Cutlery 
Manufacturers, #73 Machinery and Equipment Manufacturers, and #79 
Manufacturers of Electrical Appliances, locational proximity to their 
linked industries appears to be of very great importance. The metals 
sector will also receive further attention below. 

Of the industries in the non-metal sectors the correlation coef- 
ficient with linked industries indicates a particular closeness to 
these linked industries for #85 Clay, Stone §& Refractory Products 
Manufacturers, #86 Glass & Glass Products Manufacturers, and #87 
Other Non-metal Mineral Products Industries. For industry #85 the 

ISee Appendix 4 for a listing of linked and associated industries 
by industry. 


2 Al though the backward linkage to #54 is only .4547 the reasoning 
of Section 4.2.3 appears to apply also in this case. 
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commodity flows of predominant locational importance appear to be to 
#59 Iron & Steel Mills, a double linkage with #81 Manufacturers of 
Electrical Industrial Equipment, and the inputs from #87. Industry 
#86 has an associated backward linkage of medium strength to #96 
Industrial and Other Chemical Industries and five spatially associated 
forward linkages to a variety of industries. ! 

However, many manufacturing industries are not attracted into 
geographical proximity to their linked industries. Into this group 
fall especially the early refining and processing industries that seek 
a location--away from forward linked industries and centres of popula- 
tion--near their principal suppliers. #16 Fish Products Industries, 
#48 Sawmills, #54 Pulp & Paper Mills, #62 Smelting 8 Refining, and #83 
Cement §& Lime Products Manufacturers may serve as examples. In addi- 
tion there are those industries whose distribution largely follows the 
distribution of population regardless of linkages, e.g. #22 Bakeries 
and #27 Soft Drink Manufacturers, and industries that appear to be 
heavily concentrated in a few centres, e.g. #41 Carpet, Mat 8 Rug 
Industry, #60 Steel Pipe and Tube Mills, #75 Aircraft & Parts Manu- 
facturers, and #77 Other Transportation Equipment Industries. 

Furthern discussion of the locational patterns of individual in- 
dustries would require consideration of other locational factors and 
result in the drawing up of industry profiles of location. This is 


beyond the scope of the present study. 


5.2 Population Attraction of Manufacturing Industries 


For each industry a population correlation coefficient was 


ISee Appendix 4 for industry detail. 
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computed between the employment in industry i in region k and the 
population of region k over all regions. These coefficients indicate 
the extent to which the distribution of a manufacturing industry cor- 
responds to the distribution of population. 

The population correlation coefficients appear together with 
other industry data in Table 1.1 They are generally high because 
many manufacturing industries are attracted to centres of population. 
It should be noted, however, that these coefficients appear to have 
an upward bias due to the dominating influence of the large metro 
regions. The overstatement of the population attraction may have been 
enhanced by some degree of tautology in the correlation. Since every 
employee is also a member of the population and touthevextenuachac 
many of the employees are heads of families, there will exist a cer- 
tain factor of proportionality between the two series. This would 
tend to raise the coefficient. Despite these reservations the popula- 
tion correlations would appear useful in showing relative differences 


in the population attraction of manufacturing industries. 


5.3 Delineation of Industrial Complexes 

The results obtained in the linkage analysis of location of 
manufacturing industries encourage further application of this approach 
in a more policy-oriented direction. In this section an attempt will 
be made to identify industrial complexes. This constitutes an exten- 
sion of the bilateral aspect under which pairs of linked industries 


are viewed in isolation from the rest of the economic system. By 


Ses Tables i, pp. 15-17. 
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taking cognizance--even if only modestly--of multilateral interde- 
pendencies and locational affinities in production chains or round- 
about systems it is possible not only to show better the intricacy of 
a developed economy but also to suggest avenues for policy action in 
the area of regional development. 
Isard has defined an industrial complex as 

eee e e occurringe ated. given 

location and belonging to a group (subsystem) 

of activities which are subject to important 

production, marketing, or other interrelations." 
Without intending to stress unduly the dichotomy of production chains 
and roundabout systems, it may be noted that Isard implicitly stresses 


the former? while the analysis below leads to the conclusion that the 


latter are of prime importance. 


5.3.1 Complex Criteria. The industrial complexes identified here 
have been delineated solely on the basis of interindustry linkage and 
spatial association relationships. This is, of course, a restricted 
view but ie purpose of this investigation is to probe the agglomera- 
tive efficacy of input-output linkages rather than to present a com- 
plex analysis that takes account of a large number of locational 
factors. 


Notwithstanding the critical remarks regarding the symmetric 


linkage measure 815 made in Chapter 3, this coefficient will be used 


Malter Isard, Methods, p. 377. 
AVbid ay P01! 13/85 


3See, for example, Walter Isard, Eugene W. Schooler, and Thomas 


Vietorisz, Industrial Complex Analysis and Regional Development (New 


York: John Wiley & Sons, Inc., 1959). 
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here in the complex analysis. Its use may be defended on two grounds: 
firstly, and rather pragmatically, it is convenient to employ “ae 
because these coefficients permit the distillation of symmetric and 
square industrial complex submatrices from the large system matrices 

R and S; secondly, the more transparent linkage coefficient matrices 

B and F allow a constant cross-checking to ensure that interindustry 
flows are properly identified by the symmetric measure. 

The search for industrial complexes involves then, in this con- 
text, a search for symmetric square submatrices of size 3 x 3 or 
larger with no or few empty cells. Fulfilment of this criterion en- 
sures that there is substantial, often mutual, interchange of com- 
modities among the industries of the e The complex matrices 
are obtained by exchanging rows (columns) of the large interindustry 
matrix in the appropriate manner. Each cell of the submatrix contains 
two numbers: the correlation coefficient measuring geographical 
association (top) and the linkage coefficient (bottom). The signif- 
icance level of 0.1 has been retained for the spatial measure while 
the industry average might be suggested as a criterion for the linkage 
measure.! However, the latter criterion was not adopted and smaller 
813 were recorded since, as vas noted above, it is possible that 
relatively small flows are of locational importance to certain indus- 
tries. Usually the Sas between associated industries of complexes are 
well above the average size for the industry. In some cases, espe- 
cially where strong linkages are present, non-significant spatial 
coefficients were also entered; these are enclosed in parentheses. 


lsee Manfred E. Streit, Verbunds, p. 65. For similar criteria and 
approach see also ibid., Associations, p. 182. 
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It may be argued that the requirement for a complex industry to 
be in substantial exchange relationships with all other industries in 
the complex is too stringent. A somewhat looser and perhaps more 
realistic criterion might be to require an industry to be tied, 
technologically and locationally, to one complex industry only. While 
this approach may be useful for a more detailed study of one specific 
complex, it has not been adopted here because it detracts from the 
interconnected and roundabout nature of the commodity flows of the 
complex core. Moreover, the listing of production chains in the 
metals-using sector, to be further discussed below, indicates that 
the industries often tend to "loop back“ at some stage of the se- 


quence. ! 


5.3.2 Identification of Specific Complexes. Using the large system 
matrices R and S as a starting point a total of eight industrial com- 
plexes were identified. The interindustry submatrices for these 
complexes are presented on the following pages. For convenient refer- 


ence the relevant industry titles are reproduced below each table. 


Wood Complex. The wood complex (Table 14) is of the minimum required 
size 3 x 3. Its industries are #51 Other Wood Industries, #52 House- 
hold Furniture Industry, and #53 Other Furniture Industries. The 
spatial coefficients are all significant at the 1 per cent level and 
the linkage coefficients between the complex industries are substan- 
tially above the complex average with all manufacturing industries 


(.0035). All three industries are heavily backward linked to industry 


1See Appendix 5 for a partial list of iron- and steel-using pro- 
duction sequences. 
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TABLE 14 


WOOD COMPLEX? 


#51 Other Wood Industries 
#52 Household Furniture Industry 
#53 Other Furniture Industries 


*Rather than showing only the entries above the 
principal diagonal all complex matrices are 
produced in full to emphasize the mutuality of 
the relationships involved. 


48 Sawmills but none of these linkages are geographically associated. 
The main complex connections are backward linkages bsj52, bs5153; 


bso53, and the forward linkage fs5182 . 


Paper Complex. The paper complex (Table 15), also of size 3 x 3, 
consists of #56 Paper Box & Bag Manufacturers, #57 Other Paper Con- 
verters, and #58 Printing, Publishing 8 Engraving. The industries in 
this complex are highly interconnected through double linkages (i.e. 
backward and forward) between #56 and #57, #57 and #56, #57 and #58, 
and a backward linkage of industry #56 with industry #58. All sym- 
metric linkage coefficients are above the complex average with all 
manufacturing industries and all correlation coefficients are signifi- 
cant. As in the previous case, all complex industries possess a very 
strong, but non-associated, backward linkage to their principal sup- 


plier, industry #54 Pulp & Paper Mills. 


Textile Complex. This complex appears to be the most closely knit of 

all the complexes examined (Table 16). It has been delineated as a 

7 x 7 subsystem consisting of the basic textile mills #38 Cotton Yarn 

& Cloth Mills, #39 Wool Yarn 8 Cloth Mills, and #40 Synthetic Textile 

Mills; in addition there are #41 Carpet, Mat à Rug Industry, #44 Other 
Textile Industries, #46 Other Knitting Mills, and #47 Clothing Indus- 

tries. The industries are connected through a large number of double 

and single linkages and both the linkage coefficients and the spatial 

coefficients are generally high. Due to the large number of geograph- 
ically associated linkages not every connection will be named separ- 


ately here but the bilateral linkage detail is readily obtainable from 


Appendix 4. 
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TABLE 15 


PAPER COMPLEX 


#56 Paper Box & Bag Manufacturers 
#57 Other Paper Converters 
#58 printing, Publishing § Engraving 
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TABLE 16 


TEXTILE COMPLEX 


a 7437 Z AS 6744 (3793) 
0152 0828 0482 0695 0622 1181 
= .7437 9729 6197 8223 8339 (2868) 
.0152 .0369 0392 0733 0438 1417 
ys 7282 9729 6289 9016 8781 4391 
0828 0369 0487 0425 1062 0889 
rape ec .6197 .6289 .7501 8105 6270 
0482 0392 0487 031 0020 0021 
iA .6577 8223 9016 7501 9537 6903 
0695 0733 0425 .0312 .0198 .0724 
i 6744 8339 8781 8105 9537 6909 
0622 0438 1062 0020 0198 0724 
47 (3793) 2865) 4391 6270 6903 6909 
1181 1417 0859 0021 9 0724 


#38 Cotton Yarn 8 Cloth Mills 
#39 Wool Yarn 8 Cloth Mills 
#40 Synthetic Textile Mills 
#41 Carpet, Mat & Rug Industry 
#44 Other Textile Industries 
#46 Other Knitting Mills 

#47 Clothing Industries 
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All symmetric linkages, except for those connecting industry 41 
with industries 46 and 47, are above complex average; however, these 
two are accompanied by very significant correlation coefficients and 
have therefore been recorded. It will be noted that r3gy47 is some- 
what below the minimum size for significance and r39,47 substantially 
so (these coefficients are enclosed in parentheses). Yet the linkage 
ties are extremely strong and it would appear that the industries 38, 
39, and 47 would stand to gain greatly from commodity exchange in 
close geographical proximity. While this finding appears to have 
policy implications, any concrete action would of course have to rely 


on a more detailed study of the industries involved. 


Metal Complexmts) Ihe first metal complex identifiedsis 01 sizes xX 5 
and contains industries 59 Iron § Steel Mills, 65 Metal Rolling, Cast- 
ing and Extruding, n.e.s., 68 Ornamental and Architectural Metal In- 
dustry, 69 Metal Stamping, Pressing & Coating Industry, and 70 Wire 
and Wire Products Manufacturers (Table 17). As can be seen in the 
Table, several of the symmetric linkage coefficients are below or 
around the complex industries' average with all manufacturing indus- 
tries of .0088. However, this fact should not be over-emphasized be- 
cause the relatively high average is mainly due to a small number of 
strong linkages involving industries 59 and 62. The spatial coeffi- 
cients between industries 59 and 68 and between 68 and 70 are below 
the minimum size. While a weakness in the subsystem matrix, the small 
size of a coefficient may be a virtue from an economic policy aspect 


especially if the correlation coefficient measuring geographic assoc- 


iation is accompanied by a strong linkage coefficient. This is the 
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65 


68 


69 


70 


#59 
#65 
#68 
#69 
#70 


. 7840 
.0049 


2330) 
0586 


5980 
1563 


8891 
1208 


TABLE 17 


METAL COMPLEX I 


. 7840 
.0049 


4646 
0033 


7946 
0095 


992 
0014 


(2550) 
.0586 


4646 
. 0033 


4941 
0086 


(2861) 
0077 


Iron 8 Steel Mills 
Metal Rolling, Casting and Extruding, n. e. 8. 
Ornamental § Architectural Metal Industry 

Metal Stamping, Pressing & Coating Industry 


Wire and Wire Products Manufacturers 


5980 
ee 


7946 
. 0095 


. 4941 
0086 
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0059 


8891 
208 


2992 
0014 


2861) 
0077 
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case for 18968, the linkage being a strong supply linkage of #68 Orna- 
mental § Architectural Metal Industry with #59 Iron § Steel Mills. 


Most of the linkages in this complex are single linkages.! 


Metal Complex II. The subsystem matrix of the second metal complex is 
of the dimensions 4 x 4 (Table 18). Contrary to the Metal Complex I 
the early industry here is #61 Iron Foundries which is joined by #66 
Boiler & Plate Works, #69 Metal Stamping, Pressing § Coating Industry, 
and #72 Other Metal Fabricating Industries. The spatial coefficients 
are significant at the 0.1 level; indeed, except for 16972 which is 
Significant at the .05 level, all other correlation coefficients meet 
the 1 per cent level of significance. The linkage coefficients in- 
dicate a large amount of interchange among the complex industries with 
only Sg1¢69 somewhat below the average. Industry 72 is particularly 
tightly connected with the complex through double linkages emanating 
to it from industries 61, 66, and 69. Industry 72 itself has a back- 
ward and forward linkage with industry 69; all other linkages are 


Single linkages. 


Machinery Complex I. With a subsystem matrix of size 6 x 6 the 
Machinery Complex I is relatively large (Table 19). Its industries 
are #69 Metal Stamping, Pressing & Coating Industry, #71 Hardware, 
Tool § Cutlery Manufacturers, #72 Other Metal Fabricating Industries, 
#73 Machinery and Equipment Manufacturers, #74 Refrigeration, Office 8 
Store Machinery Manufacturers, and #81 Manufacturers of Electrical 


Industrial Equipment. The coefficients of the complex matrix indicate 


See Appendix 4. 


{ l Ta os oF v, tot eder eee 9 90 5 

304 yd bentot el td zeithasod e e ef ee yxseubet ius e 
meubal ant 600 § gibt neee eie Cab eee eee 10 U log 
nete tidsba la Lzüde air -esbrielbal sse lade Late ved STO Sas 

zt tote cepa TO? 88e bak : l 1.0 % 2% ee ee 


Soom 2 1 1% Mond ub a tan redto Tle ,fovel 20, 5 3s anso iting te 
nt Stasi Tic sgadnit off .eomedttingia Yo fevel toes seq £ edd, 

din eouttepbni A tan odd gnome en e n Yo dagoms egrel s 2b 
CIS ite 2 8. eren eee dag wolod eee bete Ano 

aut Me en oildvob er xeigaoo «dt aAstw begoennoo XII: 

-doad e eod Je ST een ee bas ee e eee mort 3h 07. 1 
eta 2ogsdnil 484170 {is ze reiben Ha sgedat!l e bas brew N 
ebe n EL ente 


8 
sit d * 0 okie o Kiten ease = AZEW I xefqmod Nen 
seitzetbri 221 (el elidel) e eiten ai I %% Wenke 

br IT* ,yetaubnT gat zs ) ae neee e @d% el N 

2 rb SMT THA e eee e eee eee eee 8 loot 

FFB 8 bie conn 
= 
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#66 
#69 
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TABLE 18 


METAL COMPLEX II 


Iron Foundries 

Boiler 8 Plate Works 

Metal Stamping, Pressing & Coating 
Industry 

Other Metal Fabricating Industries 


#69 
#71 
#72 
#73 
#74 


#81 
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TABLE 19 


MACHINERY COMPLEX I 


Metal Stamping, Pressing & Coating Industry 
Hardware, Tool & Cutlery Manufacturers 

Other Metal Fabricating Industries 

Machinery and Equipment Manufacturers 
Refrigeration, Office § Store Machinery 
Manufacturers 

Manufacturers of Electrical Industrial Equipment 


W . ia * 16 


Inanqivpd Ixiqiesbtl TAN Yo — * 


N 
1 


2 


that the commodity flows among the industries are quite strong and 
that the degree of locational affinity is relatively high. There are 
two exceptions. Firstly, 17181, while only slightly below the minimum 
size of .4000, is accompanied by a below average linkage coefficient. 
Since the flows are not of sufficient size to constitute a bilateral 
linkage, the relationship between these two industries must be de- 
scribed as quite loose; secondly, the entries for industries 71 and 74 
show that S717, is somewhat below the complex average of .0054; how- 
ever, the spatial coefficient is significant at the 5 per cent level. 
All other coefficients are well above the critical values. The rela- 
tively large number of double linkages in this complex! points to a 


particularly high degree of roundaboutness. 


Machinery Complex II. This complex also has the dimensions 6 x 6 
(Table 20). Due to the great variety of products manufactured by the 
industries in the machinery complexes? four of the industries in this 
complex were also part of the Machinery Complex I, i.e. #69 Metal 
Stamping, Pressing & Coating Industry, #71 Hardware, Tool § Cutlery 
Manufacturers, #73 Machinery §& Equipment Manufacturers, and #74 Refrig- 
eration, Office d Store Machinery Manufacturers. New are the indus- 
tries 61 Iron Foundries and 70 Wire and Wire Products Manufacturers. 
Apart from significant coefficients for industries 61 and 72, the 
relationships between the industries particular to each machinery 


complex are weak. This fact would tend to justify the delineation of 


ISee Appendix 4. 


2See Canada, D.B.S., The Input-Output Structure, Vol. I, pp. 255- 
286. 
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TABLE 20 


MACHINERY COMPLEX II 


61 6361 89 8929 6423 (. 3689) 
0032 0023 0027 0258 0011 
69 6361 7813 5843 9025 8 
0032 0059 0084 0189 0058 
70 8914 7813 9343 9088 21 
0023 0059 0041 0060 0012 
71 20929 5843 5343 6078 5185 
0027 0084 0041 0091 0043 
73 6423 89025 9088 6078 . 4653 
19288 e 0060 0091 0073 
74 (. 3689) 92 6 e 4653 
0011 0058 . 0012 0043 0073 


#61 Iron Foundries 

#69 Metal Stamping, Pressing & Coating Industry 

#70 Wire and Wire Products Manufacturers 

#71 Hardware, Tool & Cutlery Manufacturers 

#73 Machinery 8 Equipment Manufacturers 

#74 Refrigeration, Office §& Store Machinery Manu- 
facturers 


nT 2 
F 


des. os. See, lex. 
#200, est, bade, E08. 


Gies.) oe, ee Ster. 
ton. 0000. IMO. 2800 
ele. os te Sie 
S600. 100. 2 50 
£20k, dr., Bane. doe 
E00. 4000. bau. 6810 


aer, fete. (tes,) Saez. (ese. ). 
deo, #600, ids. 38360. 178 


8 bunu worl | 7 
ebe gnitso) 3 gnteeert ,gaiquesé — eat 
petwish e + „ veonbrati 
* N 1 1 N * 
unn yvenitoet 


134 


two separate machinery complexes. With two sets of coefficients be- 
low the required size industry 74 is not very strongly tied to the 
complex. It may also be observed that several of the symmetric link- 
age coefficients are below the complex average of .0051. This is 
especially so for the linkages involving industry 61. As a result the 
Machinery Complex II appears to be less cohesive than the other com- 


plexes identified. 


Electrical Complex. The final complex delineated is the Electrical 
Complex of size 4 x 4 (Table 21) comprising #64 Copper & Alloy Rolling, 
Casting and Extruding, #80 Manufacturers of Communications Equipment, 
including Wire, #81 Manufacturers of Electrical Industrial Equipment, 
and #82 Other Electrical Products Manufacturers. The coefficients of 
the subsystem matrix show that this complex is tightly connected. 
Except for s ug Z which is only slightly below the complex average of 
.0055, all other linkage coefficients are relatively large. Consulta- 
tion of Appendix 4 reveals that several industries are tied to one 
another through both backward and forward linkages. In addition to 
the double linkages there are a comparatively large number of single 
backward and forward linkages. With the exception of 16082 which is 
Signaticant at the e pevel, all other Correlation coéfricients 
measuring the degree of spatial association are significant at the .01 
level. It may be noted that it is the weakest linkage coefficient 


that is accompanied by the lowest spatial association coefficient. 


Sas) Comments. The analysis of the preceding section should be 


viewed as an attempt to identify, on a theoretical basis, subsystems 
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#64 


#80 


#81 


#82 


TABLE 21 


ELECTRICAL COMPLEX 


Copper & Alloy Rolling, Casting and 
Extruding 

Manufacturers of Communications Equipment, 
including Wire 

Manufacturers of Electrical Industrial 
Equipment 

Other Electrical Products Manufacturers 


15 
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whose industries are connected by relatively large commodity flows 

and therefore stand to benefit by locating in close proximity to one 
another. While quite naturally the degree of cohesiveness of the com- 
plexes varies, nearly all the industries of each complex are closely 
tied to one another spatially and technologically. This is especially 
so for the Wood Complex, the Textile Complex and the Electrical Com- 
plex. In many instances complex industries have been shown to be 
joined by double linkages, i.e. both industries sell to and buy from 
one another significant amounts, indicating the highest degree of 
roundaboutness. It is understood that to be operational this type of 
analysis would have to be complemented by a full locational study which 
would endeavour to take account of other economic and non-economic 
externalities, labour costs, actual transportation costs, and other 
locational factors. 

The goal has been to accept as members of a subsystem only those 
geographically associated industries among which a high degree of 
mutual interchange exists. It could be argued that firmer criteria 
should have been imposed but one must realize that this would have prob- 
ably eliminated several actual complexes from being identified. More- 
over, one of the advantages of this method is that it points out direc- 
tions and policy possiblities for metro and other regions. 

Requiring roundaboutness is actually quite a strong demand. It 
might have been more realistic to specify that an industry must be tied 
to at least one industry of the subsystem. There exist usually a large 
number of industries that are only in a one-way relationship with the 


complex and it may be particularly these (satellites, services) that 
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make a complex a dynamic force in the regional economy. However, the 
interest here was in the structural core relationships without which 

a complex cannot exist. For these it appeared appropriate, especially 
in the light of the production sequence findings above, to require 
mutual exchange of commodities. 

There exist other complexes, e.g. petro-chemical complexes, 
which have not been mentioned here. This may be due, at least in 
part, to the data problems; these were discussed above. It appears 
that at the present time in the Canadian context the choice is between 
many all-inclusive regions and few industries on the one hand and 
fewer regions with relatively great industry detail on the other hand. 
For this type of study the latter choice, adopted here, would appear 
to be much preferable, especially when it is recalled that a large vol- 
ume of total manufacturing is included in the analysis. The alterna- 
tive, dealing with broad industrial sectors, must leave questions 
regarding specific industries unanswered.* This problem has been 


avoided here. 


5.4 Summary and Evaluation of the Results 
In the first section of this chapter the affinity of each manu- 
facturing industry to its linked industries was investigated. By 
comparing, for each industry, the correlation coefficient with employ- 
ment proportions in linked industries with that in randomly selected 
Irhese have been examined in great detail by Isard et al.; see 
Walter Isard, Methods, p. 412 for further references. 


2See, for example, Manfred E. Streit, Verbunds, pp. 68 ff. 
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industries it was determined that the majority of industries show a 
stronger locational affinity to their linked industries than to ran- 
dom industries. The means of the two series of correlation coeffi- 
cients were significantly different at a level between 5 and 1 per 
cent. Several industries to which input-output linkages appear to 

be either of particularly great or of particularly little locational 
importance were briefly surveyed. By identifying individual manu- 
facturing industries the results obtained in this section amplify 
those obtained in the previous chapter for the manufacturing sector as 
a whole. 

The section dealing with population correlation coefficients-- 
somewhat of a digression from the mainstream of thought--was included 
in this chapter in order to provide some information on the relative 
population attraction of manufacturing industries. Although the coef- 
ficients for early processing and refining industries are generally 
low, high population correlation coefficients should not necessarily 
be taken to mean that a large share of those industries' employees 
work in the metro regions. Keeping in mind the remarks about the gen- 
eral upward bias of the population correlation coefficients it may be 
stated that higher coefficients indicate that the industries' employ- 
ment in metro regions varies more in unison with the variation in 
population of the region. 

The industrial complex analysis represents an attempt to identify 
clusters of industries using the tools and approaches of this study. 
The geographical extent of the complex would be the area of the metro 


region. Eight complexes with subsystem matrices of a size equal to or 
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larger than 3 x 3 were delineated. Apart from locational proximity 
the sole requirement for an industry to be accepted as a part of a 
complex was a substantial degree of interaction with all other indus- 
tries of the complex. In evaluating the results of the complex anal- 
ysis it must be remembered that the intent here has not been the in- 
depth analysis of certain industrial agglomerations and their economic 
feasibility; this would require consideration of all other locational 
factors (besides agglomerative economies from linkages), comparative 
eosk studies ete The objective was to provide, en the basissof che 
more theoretical investigations of earlier chapters, stepping stones 
that could serve as starting points for detailed analyses of certain 
projects and locations. As such they may aid regional planners by 
revealing nuclei of economic activity. Policy aspects will receive 


some further comment in the following final chapter. 
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6. CONCLUSION 


This final chapter consists of some concluding remarks which will 
summarize, in a broad outline, the main points of the study. These 
will be followed by a section on the potential policy content of the 
analysis. Finally a few words will be said about data requirements and 


possible avenues of future research in this area of location theory. 


6.1 Summary Remarks 

The two main objectives of this study were an exposition of the 
theoretical background regarding the locational factor involved and 
an investigation into the relationship between industrial linkages and 
the spatial association of manufacturing industries. 

The theoretical discussion was undertaken in Chapters 1 and 2. 
The study was placed into a larger framework by sketching the role of 
the spatial dimension in economic theory. It was mentioned here that 
only belatedly did spatial phenomena in economics receive the attention 
they would appear to deserve. Then an attempt was made to clarify the 
nature of agglomeration economies by examining more closely the under- 
lying locational factors. Transfer economies, external economies, and 
interindustry linkages were discussed; it was noted that linkages, 


while possibly indicating channels along which pure external economies 
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might be expected to flow, would appear to derive their locational 
importance from the transfer costs they imply. 

The ascertainment of a definite relationship between input-output 
linkages and geographical associations of manufacturing industries 
permitted a more detailed study of the nature of the locational impact 
of these interindustry linkages in Chapters 4 and 5. Since the 
results of the analyses were presented and summarized in those chapters 
it may only be pointed out here that manufacturing industries appear 
to be attracted to and tend to cluster in metro regions partly because 
of input-output linkages. That there are other--and for some indus- 
tries more powerful--locational factors that attract industries to or 
repel them from urban centres is ds vet be 

Several technical problems were encountered and dealt with, for 
example the upward bias of the correlation coefficients, differences 
in aggregation, or the design of the linkage coefficients. These and 
other topics relating to data and methodology were treated in Chapter 
85 

Growing out of the study of the linkage / association relationship 
an interesting application suggested itself: the delineation of 
industrial complex cores. This topic was included in Chapter 5 as it 
addresses itself to specific industries rather than to the manufac- 
turing sector as a whole. A number of complexes in various fields of 
activity were identified. The complex industries are characterized 
by generally being located in close geographical proximity to one 
another and by being connected through relatively large intermediate 


input and output flows. The use of interindustry linkages as a sole 
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explanatory factor for complex formation suggests quite naturally that 
a widening of the analysis to other locational factors and different 
regional boundaries may modify or even alter some of the conclusions 
reached here. However, the limitations set for this study did not 
permit consideration of factors other than linkages. 

Before turning to policy implications of the analysis it may be 
pointed out that over time there will be changes in the linkage/asso- 
ciation relationship for certain industries. These may be due to 
changes in technology and transfer costs, as in the case of #22 
Bakeries and the oil refineries of #88 Petroleum and Coal Products 
Industries for which a trend toward further concentration appears to 
be discernible. Other, non-structural, factors causing changes may 
be alterations in such industrial 'environmental' conditions as taxes, 
incentives, etc. However, such factors do not appear to change very 


drastically and would tend to take quite a long time to manifest them- 


selves in a different geographical distribution of economic activities. 


6.2 Some Policy Aspects of the Analysis 

This section is not meant to suggest that regional economic 
policies should be based exclusively, or even principally, on inter- 
industry linkage relationships. Indeed it appears that the fault of 


many past policies has been that they were based on only one or a few 


economic criteria or, for that matter, on economic criteria alone. The 


agglomerative tendency through input-output linkages is, of course, 
but one factor in a complex mosaic of locational forces; however, in 
the search for industries suitable for regional development or decen- 


tralization they would appear to allow a methodical rather than an 
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ad hoc approach to the problem at hand. 

The interest here is then not so much in the locational configur- 
ation which has developed historically and exists now, but in what 
could be or what appears feasible and advisable in the light of infor- 
mation about the relationship between interindustry linkages and the 
spatial association of industries. It may bear pointing out again at 
this juncture that the analysis above has been performed for metro 
regions only; any conclusions derived from it apply therefore, strictly 
speaking, only to these types of areas. It is tempting, however, and 
would not appear to be altogether unreasonable, to extend the policy 
implications to other regions. Statements concerning other regions 
are, however, much more tentative. 

The application for policy purposes of bilateral linkages might 
utilize a prior survey of the existing distribution of industries in 
the region. If it is found that one component industry of an otherwise 
always linked and associated industry pair is not present in the sub- 
ject region, then this particular industry may be designated as a 
development candidate. The set of industries thus obtained could be 
subjected to further study as mentioned above, i.e. market studies, 
comparative cost studies, etc. may be used to distill a subset of most 
suitable industries. Regional economic policy could foster those 
industries with the goal of reaching regional self-sufficiency for the 
outputs in question or even to make the region an exporter of those 
outputs while with regard to the outputs of less suitable industries 


the region could purposely remain an importer. 
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If a new industry has located in the region a linkage/association 
Study might be used to determine not only the ensuing commodity flows 
of this industry to backward and forward linked industries but also to 
reveal whether the location of the new industry may have led to new 
poles and currents in the field of locational forces. This information 
could then be utilized by the policy authority. 

Some remarks regarding the policy application of industrial com- 
plex studies as used here have already been made in Section 5.3 above. 
The utilization of industrial complexes as an effective policy tool 
would appear to require framework conditions which are less fixed by 
laissez faire tenets than those that exist at the present time. One 
might think in this context of a national 1 strategy with 
regional locational specifications. However, on a less ambitious level 
complex studies might be used as indicated above. The number of de- 
sirable complexes may be pared to the number of feasible complexes by 
considering the region's factor endowment (including such items as 
special labour skills, pollution effects, etc.), market conditions, and 
other relevant factors in more specific and detailed region-directed 
complex studies. 

These remarks indicate that the utilization of the linkage/asso- 
ciation relationship for policy purposes cannot provide more than 
partial assistance in the initial stages of planning. However, whether 
for a few industries or whole complexes, the study suggests a method of 
approaching a policy problem that may help to eliminate a significant 


amount of uncertainty. It may provide answers to some questions and 
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pose questions that otherwise might not have been asked. In this way 


it may help to avoid costly mistakes. 


6.3 Possibilities for Further Research 

The comments of this section will be restricted to the immediate 
topic of the linkage/association relationship. Even within this area 
the possibilities for further research hinge to some extent on the 
availability of adequate data. The two areas of prime concern are, 
firstly, the provision of employment figures by place of work rather 
than by place of residence only and, secondly, the publication of 
value added data at a greater industrial and geographical detail. The 
former would increase the accuracy of the measurements of association. 
Biases of the type discussed in Subsection 3.2.2 would be eliminated. 
While these may not have been large for Census Metropolitan Areas they 
may be significant for other regions of relatively small area.! The 
value added data might be a desirable alternative to the use of employ- 
ment figures because employment data will not accurately reflect the 
volume of industrial activity if there exist regional differences in 
technologies and productivity. An industrial detail of the comparable 
employment series (or slightly less, e.g. that of IOIC-L) would appear 
to be sufficient for linkage/agglomeration studies. 

In order to discover intertemporal changes in the linkage/asso- 
ciation relationship a similar study could be performed for a different 
point of time. Obvious choices for these points of time would be the 

IIt may be pointed out that the relevant data of the 1971 Census, 
not yet published, will list the number of employed also by place of 


work. See Canada, Statistics Canada, 1971 Census Catalogue (Ottawa: 
Information Canada, 1972), Cat. No. 11-506, pp. 24-25. 
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full census years for which new spatial data become available. New 
industrial information cannot be expected at the same frequency. In 
intertemporal comparisons a problem arises if the specification of 
industries has changed. Any changes would tend to detract from the 
degree of intertemporal comparability of the results. It would, for 
example, appear questionable whether the 1971 Standard Industrial 
Classification (used for the 1971 Census) can be reconciled with that 
of the 1960 S.I.C. Manual on which the 1961 Census and the 1961 Input- 
Output Industrial Classification are based. 

An extension of the analysis to regions which cover all relatively 
densely settled areas of Canada might be desirable. In this endeavour 
problems must be expected in the Canadian context that may not exist 
in more compact and/or more evenly populated countries. The great 
areal extent of Canada makes it difficult to achieve complete coverage 
(even if Northern regions are excluded) with area units that can still 
reasonably be considered as the same location. Moreover, apart from a 
lack of economic boundary criteria for these regions, the degree of 
industrial aggregation for them would be quite high given the present 
state of data availability. 

Further extensions might be made along three lines: Firstly, 
profiles of individual industries in which other locational factors are 
considered along with interindustry linkages. Such an analysis may 
provide information why, in specific cases, input-output linkages do or 
do not tend to be locationally effective. Secondly, a similar analysis 


for specific industry pairs. Thirdly, and as mentioned above, com- 
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prehensive region-directed industrial complex analyses. These types 
of studies would, however, appear to be more oriented towards dealing 


with specific problems. 
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APPENDIX 1 


LIST OF SYMBOLS AND DEFINITIONS® 


backward linkage of industry j with industry i; calculated as 
e 


matrix of backward linkages 


forward linkage of industry j with industry k; calculated as 
ERA 


matrix of forward linkages 


coefficient of geographical association between industries i 
and j 


employment in industry 1" e ,02 , Syeee.s6; 
i se ee re 8) 


matrix of absolute employment figures, classified by industry 
and by region 


population of region k 


employment proportion in industry i in region k, normalized by 
population of region k; calculated as Pie &-1/Py 


matrix of employment proportions, normalized by population 


(symmetric) correlation coefficient measuring the geographical 
association between industries i and j; obtained by correlating, 
over the metro regions, the employment proportions of industry 


i with the employment proportions of industry j; ay = are 


matrix of correlation coefficients measuring spatial associa- 
tion between pairs of industries 


correlation coefficient obtained by correlating undeflated 
employment figures for industries i and j (not used in the 
analysis) 


Note that the D. B. S. input - output symbols have been defined 


separately at the end of Appendix 1. 
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APPENDIX 1--Continued 
symmetric linkage coefficient expressing the linkages between 


industries si and j3 calculated ass... = 1/4(X,,/U. + X,./U; + 
Xs MK, + X54/%) 15 . 


matrix of symmetric linkage coefficients 
backward linkage summary measure for industry j; calculated as 
n X. X. 

J ee ey Al 


total use by industry j of inputs purchased from other indus- 
tries 


forward linkage summary measure for industry i; calculated as 


F 
1 : 13 


total use by other industries of the output of industry 1 
inter industry flow from industry i to industry 3 


final demand for the output of industry i 


total supply of commodity i 


input-output symbols* 


technology matrix containing the intermediate input coeffi- 
cients of industries obtained by dividing each element in a 
column of matrix U by the corresponding total industry output 


market share matrix of domestic production obtained by divid- 
ing each element in a column of the output matrix V by the 
corresponding total commodity output 


matrix of coefficients representing the market shares of 
industries in the total supply of commodities classified by 
industry and by commodity 


column vector containing total final demand for competing 
commodities classified by commodity, less competing imports 
classified by commodity ; 


column vector of total industry outputs classified by industry 


apor a complete list of D.B.S. symbols see Canada, D.B.S., The 
Input-Output Structure, Vol. 1; pp. 157 ff. 
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APPENDIX 1--Continued 


column vector containing competing imports classified by 
commodity 


diagonal matrix of coefficients representing, for each 
commodity, the ratio of total imports to total supply 


column vector of total commodity outputs classified by com- 
modity 


matrix containing the intermediate inputs of industries 
classified by commodity and by industry 


matrix containing the outputs of industries classified by 
industry and by commodity 
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Number 


12 
13 
14 
1s 
16 
1 


18 
1 
20 
21 
29 
28 
24 
25 
26 
22 
28 
28 
30 
3 
32 
38 
34 
35 
36 
37 
38 
39 


APPENDIX 2 


Comparison of Industrial Classifications 


Input -Output 


110 Industry Aggregation Title 


Slaughtering 8 Meat Processors 
PouLtry sProcessors 

Dairy Factories 

Process Cheese Manufacturers 
Fish Products Industry 


Fruit & Vegetable Canners and 
Preservers 


Feed Mills 

Flour Mills 

Breakfast Cereal Manufacturers 
Biscuit Manufacturers 
Bakeries 

Confectionery Manufacturers 
Sugar Refineries 

Vegetable Oil Mills 
Miscellaneous Food Industries 
Soft Drink Manufacturers 
Distulvertes 

Breweries 8 Wineries 

Leaf Tobacco Processing 
Tobacco Products Manufacturers 
Rubber Footwear Manufacturers 
Tire à Tube Manufacturers 
Other Rubber Industries 
Leather Tanneries 

Shoe Factories 

Glove 8 Luggage Manufacturers 
Cotton Yarn § Cloth Mills 
Wool Yarn 8 Cloth Mills 


159 


1961 Census 


CMA No. 


2-1-45 
2-1-46 
2-1-48 
2-1-49 
2-1-50 
2-1-51 


2-1-53 
2-1-54 
2-1-55 
2-1-57 
2-1-58 
2-3-2 
2-3-3 
2-3-4 
2-3-5 
2-3-7 
2-3-8 
2-3-9/10 
2-3-12 
2-3-13 
2-3-15 
2-3-16 
2-3-17 
2-3-19 
2-3-20 
2-3-21/22 
2-3-24 
2-3-26/27 


1960S. G. 
No. 
101 
103 
105 
107 
if bah 
BL hy 


123 
124 
125 
128 
129 
131 
133 
135 
139 
141 
143 
145, 147 
151 
153 
161 
163 
169 
172 
174 
175, 179 
183 
193, 197 


eh 
Shi , hi 
fel 
tél 
for 
eat 
201 


2 -& 
V-£<$ 
3-2-£ 

Ole 
818-8 

2 I 
2152 
9128 
VE-E-S8 
942 
68-8 
SIS -- 
58-8 


IOIC-L 


Number 


40 
41 
42 
43 


44 


45 
46 
47 


48 
49 
50 
eg 


52 
53 


54 
a3 
56 
Sf 
58 


Se 
60 
61 
62 
63 


64 


APPENDIX 2--Continued 


Input-Output 
110 Industry Aggregation Title 
Synthetic Textile Mills 
Carpet, Mat & Rug Industry 


Linoleum & Coated Fabrics Industry 


Textile Bags à Canvas Products 
Industry 


Other Textile Industries 


Hosiery Mills 
Other Knitting Mills 
Clothing Industries 


Sawmills 
Veneer § Plywood Mills 
Sash 8 Door and Planing Mills 


Other Wood Industries 


Household Furniture Industry 


Other Furniture Industries 


Pulp & Paper Mills 

Asphalt Roofing Manufacturers 
Paper Box à Bag Manufacturers 
Other Paper Converters 


Printing, Publishing § Engraving 


Iron §& Steel Mills 
Steel Pipe à Tube Mills 
Iron Foundries 

Smelting à Refining 


Aluminum Rolling, Casting and 
Extruding 


Copper & Alloy Rolling, Casting 
and Extruding 


1961 Census 1960 8. I. C. 
CMA No. No. 
2-3-28 201 
2-3-35 216 
2-3-37 219 
2-3-39/40 22 aces 
2= 5-50) Sh) O2/ weil, 212, 
33/34/36/41 214 
23-43 231 
2-3-44 239 
2-3-45 242, 243, 244, 

245, 246, 247, 
248, 249 
2-3-55 251 
2-3-56 282 
223-57 254 
2358/59/60 256, 258, 
259 
2-5-2 261 
2-5-3/4/5 264, 266, 
268 
2-5-7 271 
2-5-8 2 
2-5-9 273 
2-5-10 274 
2-5-12/13/14 286, 287, 
288, 289 
2-5-16 291 
2-5-17 292 
2-5-18 294 
2-5-19 295 
2-5-20 296 
2-5-21 297 
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65 


66 
67 
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69 


70 
7% 


72 
108 
74 
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76 
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80 


81 
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APPENDIX 2--Continued 


Input -Output 
110 Industry Aggregation Title 


Metal Rolling, Casting and 
Extruding, n.e.s. 


Boiler 8 Plate Works 


Fabricated Structural Metal 
Industry 


Ornamental d Architectural Metal 
Industry 


Metal Stamping, Pressing & Coating 
Industry 


Wire 8 Wire Products Manufacturers 


Hardware, Tool §& Cutlery 
Manufacturers 


Other Metal Fabricating Industries 
Machinery ò Equipment Manufacturers 


Refrigeration, Office § Store 
Machinery Manufacturers 


Aircraft 8 Parts Manufacturers 


Motor Vehicles 8 Trailer 
Manufacturers 


Motor Vehicle Parts Manufacturers 


Other Transportation Equipment 
Industries 


Manufacturers of Electrical 
Appliances 


Manufacturers of Communications 
Equipment, including Wire 
Manufacturers of Electrical 
Industrial Equipment 


Other Electrical Products 
Manufacturers 


Cement §& Lime Products 
Manufacturers 


Concrete & Gypsum Products 
Manufacturers 


Clay, Stone §& Refractory Products 
Manufacturers 


1961 Census 1960 S. I. C. 


CMA No. 


2-5-22 


2-5-24 
2-5-25 


2-5-26 


2-5-27 


2-5-28 
2-5-29 


2-5-30/31/32 
2-5-34/35 
2-5-36/37 


2-5-39 
2-5-40/41 


275-472 
2-5-43/44/45/ 
46 

2-5-48/49 
2-5-51/54 
25.52 
2-5-50/53/55 
3 


2-7-4/5/6 


2-7-7/8/9 


No. 
298 


301 
302 


303 


304 


305 
306 


308 
311%, 
316, 


321 
323, 


325 


326, 
328, 


Sols 


335, 


336 


334, 
339 


341, 


345, 
348 


351, 
353 


ols 
318 


324 


Sails 
9 
882 


338 
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343 


Bare 


352, 
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APPENDIX 2--Continued 


Input-Output | 
110 Industry Aggregation Title 


Glass 8 Glass Products 
Manufacturers 


Other Non-Metal Mineral Products 
Industries 


Petroleum 8 Coal Products 
Industries 


Explosives § Ammunition 
Manufacturers 


Manufacturers of Mixed Fertilizers 
Manufacturers of Plastic Resins 


Manufacturers of Pharmaceuticals 
and Medicines 


Paints 8 Varnishes Manufacturers 


Manufacturers of Soap and Cleaning 
Compounds 


Manufacturers of Toilet 
Preparations 


Industrial 8 Other Chemical 
Industries 


Miscellaneous Manufacturing 
Industries 


1961 Census 1960 S.I. 


CMA No. No. 
2-7-12 356 
2-7-10/11/ 354, 
13/14 5575 
2-7-16/17 365, 
2-7-19 Pel 
2-7-20 B72 
2-7-21 323 
227-22 374 
2-7-23 8 
2-7-24 376 
2-7-25 SHE 
2-7-26/27 S785 


3 
384, 388, 
395, 397, 
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355, 
359 


369 


379 


383, 
S90) 
399 
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APPENDIX 3 


FORMATION OF INDUSTRY GROUPS 


Several of the tests of hypotheses require a further division of 
the manufacturing industries into more homogeneous groups. A glance 
at the industries contained in the manufacturing sector makes it clear 
that they are of a very different nature: some of them receive the 
major share of their inputs from the primary sector while others have 
no connection with primary industries at all; some industries sell a 
large proportion of their output to final demand while the output of 
others is largely destined for other industrial customers as inter- 
mediate inputs. A dual classification is employed, the criteria being, 
firstly, the relative size of material inputs received from the primary 
sector, i.e., for IOIC-L, the inputs from industries 1 to 11 as a per- 
centage of the inputs from industries 1 to 97; and, secondly, the share 
of total output going to private consumption. 

Group Deindustries, or ‘First stage Resource ß, at 
least 50 per cent of the value of their material inputs from the prim- 
ary sector. Group II industries, or Second Stage Resource Users“, 
receive 25 per cent or more of the value of their material inputs from 
primary industries. Industries whose inputs from the primary sector 
amount to less than 25 per cent of the value of their material inputs 
are furthest removed from resource extractors and fall into the Group 


Aer “Third stage kesource Users'.1 


IA somewhat similar classification was employed by Perloff et al. 
although there are substantial differences in the definitions. See 


Harvey S. Perloff, et al., Regions, Resources, and Economic Growth (Bal - 
timore: Johns Hopkins Press, 1980005 p. 380; see also their Appendix Table 
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APPENDIX 3--Continued 


This classification is formally similar, at least in part, to the 
one suggested by Statistics Canada for classifying manufacturing indus- 
tries into primary and secondary manufacturing industries.! Group I 
largely corresponds to primary manufacturing industries and Groups II 
and III would make up the secondary manufacturing industries. However, 
due to different data bases the correspondence is not complete. While 
the industry data of this study are based on the 1961 interindustry 
tables, the value of inputs in the Statistics Canada classification is 
that reported to the Census of Manufactures. As a result the number of 
industries in Group I is slightly smaller than the number of primary 
manufacturing industries. It should also be noted that a few of the 
Statistics Canada industry designations are somewhat arbitrary.? 

Industries were then further classified according to the strength 
of their final demand (FDC)? linkage into "heavily linked to final de- 
mand" and "not heavily linked to final demand". The former group desig- 
nated Group A is comprised of industries selling at least 50 per cent 
of their output to final demand (FDC). All other industries are in 
Group B. 


The industry groupings are provided in the following table. 


canada, Statistics Canada, "Primary and Secondary Manufacturing 


in Canada", (unpublished discussion paper, n.p., n.d.), p. 3. 


canada, Statistics Canada, "Primary and Secondary Manufacturing 


insGanada. ape gic. 


3EDC - final demand private consumption. 
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APPENDIX 3--Continued 


INDUSTRY GROUPINGS ACCORDING TO INTENSITY 


Industry 
Names 


Slaught. 
Poultry 
Dairy 
Cheese 
Fish 


Fruit 
Feed 
Flour 
Breakf. 
Biscuit 


Bakeries 
Confect. 
Sugar 

Oil 

Misc. Food 


Soft D. 
Dis tl, 
Brew. 

Leaf Tob. 
Tob. Prod. 


Rubber 
Tire 
Other R. 
Leather 
Shoe 


Glove 
Cotton 
Wool 
Synth. 
Carpet 


Industry 
Group 
I-A 
13 
I-A 
III - A 
I - B 
II A 
I - B 
I - B 
II- A 
III - A 
III A 
III - A 
I - B 
II - B 
II -A 
III-A 
II - B 
III - A 
I - B 
EET = A 
III - A 
III - B 
III - B 
III - B 
III -A 
Tih. «A 
i 
Wi = 5 
III - B 
III - A 


OF RAW MATERIAL USE AND 
FINAL DEMAND SALES 
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Percentage 
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Percentage 
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IOIC-L 


Number 


Industry 
Name 


binor: 
Bags 
Other T. 
Hosiery 
Ene hn t. 


Clothing 
Sawmills 
Veneer 
Sash 

Oth. Wood 


Hh. Furn, 
Oth eee 
Pulp & Pap. 
Asphalt 
Pap. Box 


Ota bap. 
Printing 


Iron §& Steel 


Steel Pipe 
ron st. 


Smelting 
Al RCE 
Ua e 
Metal RCE 
Boiler 


Struct. M- 


Orn: d Arch. 


Met. St amp. 
Wire 
Tool 


Oth. Metal 
Machinery 
Refrig. 
Aircraft 
Motor Veh. 


Industry 
Group 
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APPENDIX 3--Continued 


Percentage 
of Material Percentage Percentage 
IOIC-L Industry Industry Inputs from of Output of Output 
Number Name Group Primary Sector 0 FD to FDX 
tf Nene Parcs III - B U6 9.4 5.4 
4& Oth. Transp. II B 0.3 6.6 8.3 
42. El. Appl. III - A 0.3 5 898 
80 Communic. III - B 9.1 3.0 8 
ast r 8B 9.2 28 6.6 
8 th Ely. III - B 0.2 392 Be 
83 Cement E Solel 0.0 3.6 
84 Concrete Libis B L720 0.0 0.0 
8 Clay II - B 528 13.3 Tat 
86 Glass III - B 6.0 12.0 1.4 
87 Oth.Non-Met. II- B 42.2 3.6 24.3 
88>) Petrolg I - B 87.0 Si 4.5 
So) Explose Brag Bb 2.0 8.6 6.9 
oO) Fertil III - B 8.5 220 6.3 
91 Resins III - B 0.9 2 2 20.4 
92 Pharm. TiS 18 43.4 4.9 
paints III - B lS Tas 1.4 
94 Soap III - A 0.8 56.1 aL 
r III - A Oey, 1930 1 
9 Oth: Ghem: III - B 1 6.6 24.6 
Mise Manuf, fit = B 1.4 31.9 81 


por full industry titles see Appendix 2. 


Othe Final Demand Matrix was also made available by Statistics Canada 
in November, 1971. FDC - Final Demand Consumption. 


SPDX - Final Demand Net Exports. 
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APPENDIX 4 


GEOGRAPHICALLY ASSOCIATED INTERINDUSTRY 
LINKAGES AND FINAL DEMAND 
LINKAGES BY INDUSTRY 


Backward Linkages Forward Linkages 
IOIC-L IOIC-L Linkage Correlation IOIC-L Linkage Correlation 
Number Number Size Coefficient Number Size Coerercrent 
12 FDC 6327 
13 TZ 0236 2 FDC Fe 
14 88 0101 4317 FDC 7126 
15 FDC 72 
16 FDC 1 
1, 57 0137 ee, FDC 7254 
69 2183 6340 
86 0287 8647 
18 12 0392 8813 FDC 0449 
24 0137 4788 
26 0289 6090 
56 0097 4839 
69 0123 4364 
19 43 0254 7368 FDC 1812 
20 56 1354 7402 FDC 7797 
21 56 1817 LLU FDC 8011 
22 56 0589 4854 FDC 8060 
23 FDC 8473 
24 18 . 0250 4788 
26 0564 8180 
FDC 3961 
28 69 e Cie 94 .1043 9826 
96 0248 aborts 96 9 — 
FDC 0187 
26 24 9 l 18 9 6090 
56 0761 4806 29 0387 
69 0264 4033 FDC 5632 
27 FDC 7483 
28 FDC 3546 
29 26 1367 4020 
56 1030 5544 FDC 9034 
30 31 6873 6415 
Syl 30 4665 6415 FDC 9838 
32 34 0382 .5616 FDC 9272 
35 0385 7019 
on 1284 8570 
38 0453 7047 
39 0597 9903 
40 0314 9811 
44 0237 8178 
91 0092 5677 
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APPENDIX 4--Continued 


Backward Linkages Forward Linkages 
IOIC-L IOIC-L Linkage Correlation IOIC-L Linkage Correlation 
Number Number Size Coefficient Number Size Coefficient 
33 34 0443 5095 73 „011 7564 
38 2025 8122 FDC 2467 
70 0330 6339 
9 0169 4800 
34 39 0191 OLS 33 0232 5095 
40 0214 8780 36 0503 6382 
44 922 5049 44 0109 5049 
56 9 6744 82 0276 5298 
53 b 5199 
pec .0160 4745 
79 0121 4015 
80 0261 SAS 
82 .0329 22226 
FDC . L687 
35 2 8 5156 
36 6128 8248 
37 1142 6729 
97 N 4006 
36 34 9973 6382 FDC 9508 
39 4207 8248 
oy, . 0848 9298 
38 . 0270 8626 
44 0095 . 7866 
97 0246 4061 
* 5 „2039 8 32 9228 . 8570 
38 „310 2859 36 1182 9295 
39 0194 8499 97 0094 8 
46 „115 8641 FDC 6799 
51 .0149 OE 
(a .0209 38 
97 0941 5550 
38 40 2186 „7282 53 0585 8122 
44 0508 8571 36 0097 8626 
40 0144 7282 
44 0565 8 
46 . 0607 .6744 
ao .0093 6875 
FDC Ass 
39 38 0439 7437 34 0092 Elle 
40 1044 EAS) 40 SUS S 12 
44 2022 8223 41 9212 6197 
46 8482 18839 
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APPENDIX 4--Continued 


Backward Linkages Forward Linkages 
IOIC-L IOIC-L Linkage Correlation IOIC-L Linkage Correlation 
Number Number Size Coefficient Number Size Coefficient 
40 38 .0306 7282 38 0676 282 
39 „0115 9729 39 0183 9729 
44 0163 9 41 2 6289 
47 0211 4391 44 0378 9016 
91 0180 6136 46 0987 8781 
47 1903 4391 
52 0185 8797 
53 0149 9469 
97 . 0096 4490 
FDC 0904 
41 we) 2 6197 FDC 6208 
40 1833 6289 
44 1070 9016 
42 44 0861 4966 44 . 0647 . 4966 
46 .0266 4407 47 0770 7989 
57 .0142 4225 58 9 4139 
93 0116 5910 97 „0162 4407 
96 1867 4797 FDC 0408 
97 10333 .4407 
43 19 L200 7368 
47 0097 4704 
FDC 2014 
44 34 9052 .5049 38 20241 8 
38 1496 8 39 0476 8 
39 10225 8223 40 0097 9016 
40 . 1064 .9016 46 .0203 9587 
42 N 4966 47 1025 6903 
47 0148 6903 FDC 2826 
51 0140 6851 
97 0177 6191 
45 56 0340 8098 FDC 9001 
46 38 n 6744 47 e 6906 
39 0938 . 8339 FDC . 7369 
40 3 8781 
44 0495 18933 
47 0388 6906 
47 40 1294 4391 FDC 8962 
44 . 0520 6903 
46 0697 6906 
9 0524 „8221 
48 
49 48 i 9642 50 0519 . 4403 


50 49 0825 4403 FDC 0307 
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APPENDIX 4--Continued 


Backward Linkages Forward Linkages 
IOIC-L IOIC-L Linkage Correlation IOIC-L Linkage Correlation 
Number Number Size Coefficient Number Size Coefficient 
51 71 0148 6083 1 0097 7809 
44 0185 6851 
SZ .0184 8454 
69 87 5578 
97 0487 4409 
FDC ee 
2 34 865 5298 
38 0199 6081 82 0302 8629 
40 0491 8797 FDC 7473 
44 9 8729 
81 0180 8454 
71 0153 882 
97 0410 5856 
53 34 0206 5199 FDC 4590 
38 1051 88 . 
40 .0529 . 9469 
44 9 8961 
SL .0114 .8198 
52 .0248 822 
69 0092 6308 
fp .0206 N 
82 0176 8468 
93 20285 8 
54 FDC 225 
55 59 .0273 4197 FDC .0202 
56 5y, .0620 .4007 20 . 0096 . 7402 
58 0298 5944 eM .0204 » 7450 
97 AUPTAY) 4600 22 0326 4854 
26 0533 4806 
29 0370 5544 
57 0118 4007 
79 „s 5397 
94 0243 „4257 
95 0099 4468 
97 0196 4600 
FDC 0632 
5 56 0388 4007 17 0144 „8707 
58 0095 23 56 . 0680 4007 
63 0349 . 8633 58 .0144 92823 
96 0328 5887 FDC 2181 
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APPENDIX 4--Continued 


Backward Linkages Forward Linkages 
IOIC-L IOIC-L Linkage Correlation IOIC-L Linkage Correlation 
Number Number Size Coefficient Number Size Coefficient 
58 FDC 2038 
59 85 0214 5 69 1320 5980 
70 . 0600 8891 
73 0471 BVA 
79 .0240 .8779 
60 
61 Ue 10175 7488 i .0356 7488 
73 0714 6423 
76 0208 . 4778 
TS, .0491 6246 
FDC De 
62 
63 65 0164 5472 Did, 0527 8633 
96 0095 5628 68 1038 8065 
69 0720 5687 
Te, 0275 .4629 
72 0314 node 
79 0224 4404 
80 1008 8688 
81 „0152 9278 
82 0147 8 
97 0398 7879 
FDC 0132 
64 Tad .0605 9592 
80 2928 6862 
81 02 7254 
82 . 0095 5085 
97 882 878 
65 69 0095 7946 59 0143 7840 
63 0180 5472 
69 9 7946 
13 .0184 .8016 
79 .0182 7314 
97 0229 8872 
FDC 0154 
66 61 0144 ee 72 0295 6279 
69 0241 6191 73 .0526 8782 
7 0976 83 
73 e 5 
81 . 0130 4960 
67 . 
68 63 .1767 .8065 72 .0093 4097 
69 „0237 . 4941 fh 0135 4690 
ihe SOS 4097 FDC 0181 
86 0249 6504 


82 s 5869 
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APPENDIX 4--Continued 


Backward Linkages Forward Linkages 
IOIC-L IOIC-L Linkage Correlation IOIC-L Linkage Correlation 
Number Number Size Coefficient Number Size Coefficient 
69 59 .4899 .5980 12 2 5 
63 0384 5687 Ns 1060 6340 
72 0242 4969 26 0159 4033 
72 0142 4969 
73 0256 9025 
79 2 ia 6401 
80 0102 4709 
81 0160 7035 
96 0187 4525 
97 . 0236 6736 
FDC .0653 
70 59 4174 8891 oo .0096 6339 
69 0108 7813 a OLLL 9088 
FDC 0247 
cht owl .0093 .6083 52 Ne 5629 
69 0241 . 5843 53 BUbeS .6111 
70 POLO 8343 Us .0108 .6078 
he -0730 .7641 76 9 6838 
We .0187 .6078 FDC 1895 
87 . 0103 22 
97 .0169 8 
72 61 ib 7488 69 0134 4969 
63 ag ple .4629 in .0100 7641 
64 0406 8392 73 0628 5481 
66 POUL .6279 77 SUZ 5c. .5898 
69 .0314 .4969 FDC .0301 
73 .0148 .5481 
80 .0094 6343 
81 og Bi lg we 5848 
Sy) .0107 .6520 
78 59 1471 9 FDC 0396 
61 0269 6423 
63 0141 ae 
66 0145 2 
69 0412 ous 
70 .0098 . 9088 
7 0953 5481 
79 ils 8590 
80 0206 . 4700 
81 .0368 POs 


a, POLO .9785 
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Backward Linkages Forward Linkages 
IOIC-L IOIC-L Linkage Correlation IOIC-L Linkage Correlation 
Number Number Size Coefficient Number Size Coefficient 
74 58 .0232 l FDC 0642 
64 0169 5770 
69 0165 5562 
72 0192 5191 
1S 0128 4653 
81 0412 8060 
97 0094 8385 
the 80 .0459 .5566 FDC .0214 
76 7 . 3860 9655 FDC 6361 
77 61 .0298 6246 76 4664 9655 
72 0613 5898 FDC 0939 
76 0148 9655 
78 FDC 0659 
79 34 0105 . 4015 Ue .0106 8590 
56 0300 5397 81 „0125 5083 
59 oS 8779 FDC 928 
63 0176 4404 
69 0596 4289 
70 0124 6401 
TD 0363 8590 
81 .0626 5083 
80 34 .0169 42 US OM .4700 
63 .0594 .5665 7S .0128 5566 
64 1868 6862 81 0238 6219 
69 0216 . 4709 82 0828 OS 
72 0100 6343 FDC 0298 
81 0388 6219 
82 0146 7553 
91 0263 4341 
97 .0140 6024 
81 63 .0182 .9278 us .0407 .6832 
64 .0307 9 74 Oui . 8060 
69 . 0684 27055 79 .0394 2055 
72 . 0303 5848 80 0527 .6219 
Ts ORES .6832 82 50320 1935 
79 .0365 .5083 FDC .0260 
80 1182 6219 
82 0178 7834 
85 0113 4436 
97 0141 8402 
82 34 0267 7994 FDC 93918 
od 0409 8629 
56 0182 4726 
63 0109 872 
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APPENDIX 4--Continued 


Backward Linkages Forward Linkages 
IOIC-L IOIC-L Linkage Correlation IOIC-L Linkage Correlation 
Number Number Size Coefficient Number Size Coefficient 
80 2535 8421 
81 0476 ES 
91 0173 4929 
97 0175 7218 
83 88 .0412 7191 
84 
85 81 .0178 4436 59 0742 9 
87 Odea) ~ 00D 81 .0125 4436 
FDC 1334 
86 96 825 8782 17 .0480 8647 
68 0141 6504 
92 n 4175 
94 N 8581 
95 0210 4210 
FDC n 
87 56 9 4125 FDC 0385 
70 0116 80 
96 9282 8922 
88 FDC SW) 
89 FDC .0861 
90 FDC .0201 
91 40 . 0275 6136 12 01 7467 
96 . 3060 20245 33 .0093 4800 
40 0169 1 
80 0426 4341 
82 0223 4929 
96 0364 5245 
FDC 0222 
92 57 AUST 0 FDC 4341 
86 0477 . 4175 
2 120 6307 
93 97 0145 5 
FDC 0751 
94 28 0694 9826 FDC 5606 
56 0883 1428 
a SOLE 8354 
69 n Aap 
86 92 . 8581 
96 1616 5854 
97 0336 5420 
95 56 0844 4468 FDC 7903 
57 0141 ed 
69 0395 4827 
86 0605 4210 


97 0422 7941 
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Backward Linkages Forward Linkages 
IOIC-L IOIC-L Linkage Correlation IOIC-L Linkage Correlation 
Number Number Size Coefficient Number Size Coefficient 
96 69 .0283 . 4525 91 202351 5245 
ey 40161 29245 94 +0228 5854 
FDC 0665 
97 51 0166 4409 FDC 3194 
56 0253 4600 
63 0166 7879 
64 0241 5/65 
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APPENDIX 5 
PARTIAL LIST OF IRON- AND STEEL-USING 
PRODUCTION SEQUENCES 
The production sequences are established on the basis of forward 
linkages only. Industries designated with an asterisk are spatially 


associated with their forward linked industries. * 


Ss 
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* For industry titles see Appendix 2 
5 Industry 4 Iron Mines 
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